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1Introduction
It VB9 the purpose of the present research to Investi-
gate the electrical activity of the amygdala and hippo-
campus while squirrel monkeys were adopting and maintain-
ing a stereotyped response In the Kaler paradigm. It
was further Intended to Investigate the effects of ohlor-
dlazepoxlde, a tranqulllzlng drug which has been shown to
prevent stereotyped responses from developing Into fixa-
tions, on the activity of these structures and on the
behavior.
The Kaler paradigm (Kaler, 19^9) Is a two-stage pro-
cedure In which animals reep<':llng on a two-choice dis-
crimination problem are rewarded for "correct" responses
and are punished for "IncoiTeot" responses. In the first
stage there Is no consistently correct cue and animals
typically adopt a stereotyped response, 1. e., none of
the cues of Bright, Dark, Left, and Right Is consistently
rewarded and animals typically respond exclusively to one
cue. In the second stage a cue other than the one to
which the response Is directed Is designated as correct,
but the animals seldom depart from their stereotypes In
order to achieve the more favorable adjustment. Animals
do, however, show by differential latencies that they
"know* the solution to the soluble problem. If, for
example, they are stereotyped to a position and one of
2the nonspatlal stimuli Is correct, they will respond soon-
er to the correct cue than to the Incorrect cue but will
not derlate from their stereotyped responses. The con-
sistency with which the Insoluble-problem contingencies
produce stereotypes and the stability of the differential
latencies In the soluble problem have suggested that the
Kaler paradigm might furnish valuable baselines for the
evaluation of psychotropic drugs.
Feldman (196Uat Feldman & Lewis, 1962) reviewed Faler
paradigm experiments In which rats responding to a Oartc-
Brlght discrimination on a Lashley Jumping stand were
given tranqulllzlng or energizing drugs In the Insoluble-
problem phase. In the soluble-problem phase, or In both
phases. No drug given only during the soluble-problem
phase of the Kaler paradigm had significant effects In
preventing or alleviating fixations.^ However, chlor-
dlazepoxlde (CDF) and diazepam (DZP), both members of the
benzodiazepine class of tranquilizers, were found to have
potent fixation-preventive properties If given only during
the Insoluble problem. In the subsequent soluble problem,
*
of the CDF rats solved (Feldman, 1962) and 6S^ of the
DZF rata solved (Feldman, 196^b). In addition, CDF given
during both phases allowed 40;C of the rata to solve (Feld-
man, 1962). No other drug produced such dramatic results.
1. An animal Is said to be fixated If It praotloes Its
stereotyped response for a orlterlonal number of trials
In the soluble problem.
3although one energizing drug (phenelzine) given only dur-
ing the Insoluble problea yielded solutions (Bremner,
i960). CDF, DZF, and phenelzine effected a decrease In
latencies over days In the Insoluble problem, and effect-
ed Immediate decreases In latencies when given to fixated
Ss In the soluble problea. On the other hand, drugs
which lacked fixation-preventive properties were found to
Increase latencies In both phases of the Haler paradigm.
Thus, two classes of drugs may be Identified according to
their effects on behavior In the Haler paradigm; (1)
those which have been shown to prevent fixations and to
reduce latencies and (2) those which have been shown not
to prevent fixations and to Increase latencies. The re-
mainder of this discussion will be limited to C3DP, which
Is perhaps the best-known benzodiazepine and, as described
above. Is the most potent of the fixation-preventing, la-
tency-reducing drugs.
Tranqulllzlng drugs apparently achieve their effect of
calming without sedating by acting upon rhlnencephallc
structures (HcGeer, 1962). The structure within the
rhlnencephalon which Is aost susceptible to tranquilizers
la the amygdala (Elmwlch, i960), a structure which Is Im-
portantly Involved In modulating many types of emotional
and motivated behavior (Gloor, i960; Goddard, 196^»).
CDF has been shown to depress the amplitude and duration
of evoked afterdischarges In the amygdala (Schalleck &
Euehn, i960), to combat seizures Induced by direct
electrical stimulation (Lanolri Naquet, & Bequln, 1964),
to elevate the threshold for behavioral responses produced
by amygdala stimulation, to decrease the amplitude of the
evoked response In the hippocampus produced by amygdala
stimulation (Horlllo, Bevzln, & Knauss, 1962), and to de-
press only slightly the spontaneous activity of the hippo-
campus (Schalleck, Zebransky, & Kuehn, 1964). These re-
sults suggest that CDP has more of an effect on the euayg-
dala than It has on the hippocampus. Further support for
this notion Is offered by Investigations of the evoked re-
sponse of the hippocampus to electrical stimulation of the
contralateral hippocampus. Such Investigations conducted
with CDP are unknown to the author, but DZP, which acts
sJmost Identically to CDP In the Maler paradigm (Feldman,
1962; 1964b) and In the rhlnenoephalon (Morlllo, 1962a),
was found by Morlllo (1962a) to elevate the Interhlppo-
campal evoked response. This result suggests that CDP
may suppress the mechanism described by Krlendler and
Sterlade (1964a; 1964b) by which the dorsal amygdala can
suppress the hippocampal discharge produced by stimula-
tion of the ventral amygdala In cats. In other words,
CDP, by virtue of Its depressive effect on the amygdala,
may free the hippocampus of the amygdala's Influence.
The hippocampus has recently been Implicated In the
ability of animals to learn new responses, or, more pre-
cisely, to suppress old responses. In simple approach
situations, hlppocanpal rats learned as rapidly as con-
trols to run down an alley but extinguished more slowly
than controls (Jarrard, Isaacson, & Wlcklegrcn, 1964),
and hippocampal cats acquired a panel push response as
rapidly as controls but took longer to extinguish (Peretz,
1965 ). Passive avoidance has been found to be disrupted
by hippocampectomy In rats (Kimble, 1963: Teltelbaum &
Milner, 1963 }, Indicating that hippocampal animals have
difficulty giving up newly-p\mlshed responses as well as
newly-nonrewarded responses. Hippocampal rats also have
been shown to have difficulty In learning position-reversal
shifts In T mazes (Thompson 4 Langer, I 963 ; Thompson, lang-
er, & Blch, 1965) and X mazes (Lash, 1964; Kimble 4 Kimble,
1965 ). Therefore It nay be suggested that some form of
hippocampal dlsfunctlonlng might be Induced In the Maler
paradigm which might be responsible. In part at least, for
the characteristic perseveration of stereotyped responses.
Although both the amygdala and hippocampus are parts of
the brain's systems of structures for the control and re-
lease of behavior (Gerbrandt, 1964; I 965 ), the hippocampus
Is here viewed as being more likely than the amygdala to
underlie perseveration In the Maler paradigm. For, while
hippocampal animals tend to perseverate In earlier-learned
responses (Ellen 4 Wilson, 1963), recent evidence shows
that amygdalectomlzed animals will readily abandon a well-
leamed response either by Inhibiting It (Horvath, I963 )
or by exchamglng It for an approach to a cue different
6from the original (Scwartzbaum & Poulos, 1965). Thus for
the behavioral phenomenon In question, perseveration of a
stereotyped response In the Haler paradigm, one can rea-
sonably argue that the hippocampus Is more Immediately In-
volved than the amygdala because hippocampectomy Induces
perseveration while amygdalectosy does not.
If the hippocampus la Indeed more Immediately Involved
than the amygdala In the persistence of stereotyped re-
sponses, then why should drugs which depress the cuoygdala
prevent stereotypes from persisting to the point of be-
coming fixations? The answer can only be complex, and the
present limited Investigation can at best supply only a
partial solution to the problem. The following hypotheti-
cal and possibly oversimplified Interpretation may be of-
fered.
During the Insoluble problem phase of the Haler para-
digm, high arousal may Increase the activity of the amyg-
dala to a high level. This notion Is supported by work
with cats In which a 40/sec. rhythm from the amygdala was
found to Increase as arousal Increased (Gault & Leaton,
1963; Pagano & Gault, 1964) and In which the 40/sec.
rhythm was found to be specifically ellcltable by a stim-
ulus associated with pain shock (Lease, i960). In addi-
tion, evidence which suggests that decreased amygdala ac-
tivity Is not consistent with fixations Is offered by
studies In which CDP and DZP have been shown to depress
the amygdala (Schalleck & Kuehn, I960; Schalleck, Zebran-
sky, & Kuehn, 1964; Morlllo, 1962a) and to prevent fixa-
tions (Feldman, 1962; 1964b), Eventually the Increased
activity of the amygdala may produce a disfunction In the
hippocampus, perhaps by acting through the transmission
system described by Krlendler and Sterlade (1964a; 1964b)
and by Morlllo (1962b). Since perseveration developed In
the Maler paradigm does not transfer to other situations
(Feldman, 1953) • 14 is suggested that the disfunction In
the hippocampus Is situation-specific and might be viewed
as a temporary lesion. The disruption of hippocampal
functioning produced by extremely high amygdala activity
may well persist Into the soluble problem phase and, since
the hippocampus is Incapable of exercising Its normal
function, a stereotyped response would be allowed to be-
come fixated. Vhen an animal Is given a bentodlazeplne
during the Insoluble problem, amygdala activity Is kept
In check and the hippocampus Is freed from at least the
direct Influence of the amygdala. Removal of the drug
concurrently with the Introduction of the soluble prob-
lem might thus allow the drugged animal to function more
normally than a nondrugged animal In what Is basically a
simple learning situation.
The present research thus had two purposes. The primary
one was to Investigate the electrical activity ot the
amygdala and hippocampus during the Insoluble problem
8phase of the Haler paradigm when a stereotTped response
was being adopted, and during the soluble-problem phasb
when the stereotype was persisting (becoming fixated) In
the face of a more adaptive alternative. It was hbped
that some aspects of amygdala and hippocampal activity
could be correlated so that the proposed functional rela-
tion between the two structures might be confirmed. The
second purpose was to establish that the hippocampus was
Involved In the Inability of an S to give up a stereo-
typed response In the soluble problem. Comparison of
hippocampal records during the Insoluble problem and es-
pecially during the soluble problem of Ss given CDP In
the Insoluble problem to the like records of Ss given no
drug was expected to shed light on this Issue. If hlppo-
oampograms of CDP Ss differed significantly from those of
nondrugged Ss, then the hippocampus would be strongly Im-
plicated In the establishment of fixations.
9Method
Subjects
.
Ihe Ss were 10 young adult male and fesaile squirrel
monkeys ( Salmlrl sclureus ) from the Psychology Depart-
ment colony. Three (Bengt, Gunnar, end Ingmar) were
experimentally naive, while the other seven (Anton,
Dodle, Frieda, Gustav, Phaedra, Ulrich, and Winifred)
had served in an experiment In which color preference
was measured (Green, Moore, & Sargent, 1966) and one
In which extensive color discrimination training was
given (Green i Moore, 1966). Dxirlng the experiment
the weights of the Ss ranged from 500 to ll^fO gm.
Surgery .
All Ss were given Blclllln (0.2-0. 3 ee., 1. a.), an
antibiotic, on the day preceding surgery. One hour prior
to anesthetization with Nembutal (22 mg./kg.
, 1. p. ) the
Ss were tranqulllzed with Taractan (2.2 mg./kg.
,
1. a.).
Surgical conditions were as aseptic as practicable. Bi-
polar electrodes, which were directed bilaterally to-
wards the amygdala and hippocampus, consisted of a pair
of 0.014-ln. diameter stainless steel wires twisted to-
gether and mounted In a socket as described by Valensteln,
Eodos, and Stein (1961). The wires were Insulated by an
enaael coating except at the tips. The greatset distance
across both wires at the exposed tips was 0.030 In. The
coordinates used on the Eopf stereotaxic Instrument, as
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selected from the atlases of Gergen and KacLean (I 962 ) and
Emuers and Alcert (1963)« were 10.0 mm. anterior (from the
Interaural line), 7 .5-8 . 0 am. lateral (from the nldllne),
and 18.0-21.0 mm. Tentral (from the skull surface) for the
hasolateral amygd8U.a, and 1.5-2. 5 mm. anterior, 7. 5-8.
5
mm. lateral, and 17.5-20.0 mm. ventral for the postero-
ventral hippocampus. Small stainless steel screws were
turned into the skull and were Infiltrated with dental
cement which was formed Into a cap ^whlch held the elec-
trodes. Prophylaxis against Infection was effected by
sprinkling sulfa crystals on edges of Incisions.
Surgery occurred during the final phases of pretraining,
and at least one week was allowed for recovery.
Apparatus
.
The behavioral apparatus has been pictured elsewhere
(Feldman 4 Green, I966 ). The Ss were seated In a Porlnger
squirrel monkey chair and were restrained by plates at the
waist and neck. In the neekplate were two handholes, one
for the left hand and one for the right, which allowed S
to reach half the display panel with each hand. The dis-
play psinel was a sheet-metal rectangle (4.75 X 8.25 in.)
containing two lllumlnable discs (Grason-Stadler Hodel
E 8670 A) which were 1.25 In. In diameter and whloh served
as both manlpulanda and dlscrlalnanda. The display panel
was mounted vertically In front of S and contained a de-
livery tray Into which 75-m«. banana pellets (CIBA) were
11
dellTered when a response was rewarded. The nonhejs*
tails were shaven on the underside, extended outside the
haclc of the chair, and had a pair of shook electrodes
(adapted from Stoeltlng finger electrodes, catalog number
24222) attached. Electrode paste was used to Insure elec-
trical contact. The restraining chair was enclosed In a
sound-attenuating, eleotrloally-shlelded box which con-
tained a sliding floor for easy Installation and removal
of Ss. Centered In the rear of the box were a pair of
24 V. DC housellghts, mounted near the celling, and a
bakellte panel holding connectors for electrode leads
(Mlorodot cable), mounted In. above S' s head. A
relay, which shorted the two leads from each brain elec-
trode during tallshook administrations and thus prevented
Interaction between the two t^es'of circuit, was also
mounted on the bakellte panel. A second relay, which com-
pleted the tallshook circuit during shock administration
and otherwise connected S to ground, was mounted behind S
outside the box. The box contained a pair of observation
windows, one on each side of S, and a loud fan for venti-
lation and masking of environmental noises.
Control and recording facilities were located In an ad-
jacent room. Control facilities Included a pair of pro-
grammers operated by punched tapes which determined which
of the two discs would be illuminated on each trial. Tim-
ers, counters, relays, a pellet dispenser control, and
12
eonst«nt-ourr«nt 60-o7ole AC d«Tlo«a for dollverlng two
lowala of tallahook (0.5-1.0 *. for goad and 4. 0-4.5 oa.
for ponlahmant) wera provided. A Lehigh Valler randoalzer
(nodal 1485) waa uaad to dataralna punlahed and rewarded
onaa during the Insoluble problem phaae of the experiment.
Elaotroenoephalographlo (EEC) recordings were made on a
four-channel Grass Kodel 5C polygraph using a 5P5 preaa-
pllfler coupled to a driver amplifier for each channel.
Beoordlngs were made at a paper speed of 30 mm./sec. EEC
activity was continuously monitored on a Tektronix Type
502 dual-beam oscilloscope.
Procedure .
Pretraining . Each S was trained to press a disc and to
receive pellets from a delivery tray by an approzliutlon
aethod. Initially, a sheet-metal panel, approximately 18
In. square, was placed on the home cage. Centered In this
training panel was an lllualnable aanlpulandum Identical
to those on the display panel In the experlaental apparat-
us. Also Included were a pellet dispenser and delivery
tray. Before Introduction Into ths experimental chamber,
the Sa were required to press tbs disc on this pansl spon-
taneously and to eat the banana pellets.
In the experimental chamber, each S was trained to
spond with both discs lllualnated and ths house lights
off. A special naokplate with enlarged handholes was need
until S was reliably pressing the discs, then the standard
13
neolcplate was Introduced and used for the remainder of the
experiment. Magazine training was accomplished by offer-
ing pellets by hand, forcing 3 to reach through the hand-
holes. Pellets wore then placed In the delivery tray and
the delivery mechanism was operated whenever S reached for
a pellet. Disc pressing was then shaped by an approxima-
tion procedure, with low-level (0. 5-1.0 ma.) goad shock ap-
plied to the tall as necessary to keep S active. Discrete
trials were Introduced when -S' s activity centered about
the discs or. In the case of "fast" monkeys, as soon as
pressing had begun. In discrete trials, one dlsorlmlnan-
dum was Illuminated on each trial and the house lights
were Illuminated only between trials. Immediate respond-
ing was encouraged by brief applications of goad shook If
S had not responded within 1-20 sec. of the start of a
trial. Development of preferences for spatial (Left or
Bight) or nonspatlal .(Bright or Dark) cues was counter-
acted by covering each handhole, one at a time and In
turn, for 15-30 min. periods. The position of the Illumi-
nated disc was randomized with the restrictions that a
given disc was lit for no more than four consecutive
trials and that each was Illuminated an equal number of
trials. In the late stages of discrete trial pretraining,
continuous goad was given if S had not pressed within 20
see. of a trial onset, and Intertrlal presses were auto-
matically punished by a high-level shock which lasted for
lU
the duration of the press. This 2. 5-3. 5 shock was
given In order to discourage pressing between trials. The
shock also encouraged brief on-trlal responses, for. If an
3 held a disc long enough for the selector relay which was
operated by the programmers to flip from the on-trlal to
the Intertrlal position, the S would receive Intertrlal
shock. All on-trlal presses were rewarded, and electrode
leads were attached when S was pressing readily on trials
and minimally (less than four presses per Interval) be-
tween trials. Vfhen these performance criteria had been
net, the Insoluble problem was Introduced for six Ss, but
four other Ss (Anton, Bengt, Gunnar, and Ingmar) were giv-
en CDF (10 mg. /kg., mixed 10 mg./cc, p. o.) on one day,
three to four days before the Insoluble problem.
Insoluble Problem . During the Insoluble problem, both
handholes were open, and the set random sequence of right
and left disc Illuminations was maintained for 80 trials
per day. The randomizer was used to Insure that 50^ of
the responses were rewarded and $ 0$ were punished and that
no relation existed between reward or punishment and any
of the available cues (Left, Bight, Bright, or Dark).
Goad shook was applied continuously for failure to press
within 20 sec. of a trial onset until the press was made.
A very high-level shock (4. 0-4. 5 ma.) was applied to the
tall for 1.0 sec. as punishment for "Incorrect" responses.
The same shock was applied automatically for the duration
15
of an Intertrlal press and for failure to make a siiffl-
elently brief on-trlal press In order to discourage In-
tertrlal responding and on-trlal disc-holding. On-trlal
pressing with both hands simultaneously was discouraged by
a special circuit which allowed an earned reward to be
superseded by an earned punishment. The special circuit
delayed the reward pulse for 15 msec., allowing sufficient
time for the on-trlal punishment circuit to open a relay
which prevented the pulse from reaching the delivery mech-
anism control. Insoluble problem sessions were given
dally until S adopted a stereotyped response to one cue
and used It exclusively for at least six consecutive days.
Ss receiving CDP were drugged 60 min. before the start
of a session to Insure absorption of the drug. CDP was
given via stomach tube In a dosage of 15 mg. /kg. (mixed
15 mg./oc). Placebos were not given because Feldman and
Green (1966) reported that placebos had no effect on any
aspect of responding when given to fixated squirrel monk-
eys In the soluble problem.
Soluble Problem . No drugs were given In this phase. The
soluble problem required each S to make a nonreversal
shift from Its stereotype. Thus, If 5 was stereotyped to
Left, then Dark was correct! If 3 was stereotyped to
Bright, then Left was correct. The number of trials per
day, the 20-seo. goad contingency, the dally testing, the
set random sequence of disc Illuminations, reward, and
16
punishment all remained unchanged. Experimentation ceased
when the day-to-day level of response latencies, and the
wlthln-day pattern of latencies oyer the four 20-trlal
blocks, had been stable for three days, regardless of
whether the stereotype had been maintained.
Electroencephalographlo Becordlng
.
Beoords of electrical activity In the amygdala and hip-
pocampus were taken on the last 1-3 days of pretraining
and on all succeeding days. Since It was not considered
necessary, feasible, or economical to record for the en-
tirety of each session, a sampling procedure was used.
EEG records were taken continuously until the first 4-10
trials of a session had occurred and also for 4-10 of the
last 20 trials of a session. The display on the dual-beam
oscilloscope was continuously monitored In order to detect
malfunctions In the recording system at times when EEG re-
cords were not being taken.
Histology .
Ss were anesthetized with Nembutal and sacrificed by
perfusion through the heart with Isotonic saline followed
by formalin. Sections 5-6 mm. wide containing the
tracks of amygdala and hippocampal electrodes were re-
moved and Imbedded In paraffin. The tissues were then
sliced Into 25-u. sections, stained by the Kluver-Bar»
rara technique, and examined for confirmation of the
placement of electrode tips.
17
Besnlta
Behavioral Besnlts .
The experiment was oondueted In two replications, with
the six Ss In Group I heglnnlng the Insoluble problem
four months prior to the four Ss In Group II (Table 1 ).
In both Group I and Group II the Ss were paired for as-
signment (by coin-toss) to the drug or no-drug condition
In the Insoluble problem. Group I Ss were matched on the
basis of sex and response latency during the last two days
of pretraining. Group II Ss were matched on a more com-
plex basis. One Group II S (Gunnar) could not be trained
to use hie right hand for disc pressing or even for taking
yeward pellets from the delivery tray, despite extended
pretraining. Hence this S was considered stereotyped, was
given only the soluble problem, and was assigned to the
no-drug group. Of the three remaining Group II Ss, two
were matched on the basis of a synchronous EEG rhythm to
which attention had been drawn by the records of Group I
Ss. Anton and Ingmar displayed more of this rhythm than
Bengt, hence Anton and Ingmar were paired, and Bengt was
matched with Gunnar by default and was assigned to the
drug condition. Table 1 presents a summary of the groups.
Insoluble Problem
.
The Insoluble problem was completed In
8-36 days by eight of the nine Ss to which It was given.
Pour drug-group Ss mot the stereotype criterion of six
consecutive days In irtilch all on-trlal presses were to a
18
Table 1. Assignment of monkeys to drug or no-drug con-
ditions In the Insoluble problem, with latency character-
istics given for the last two days of pretraining.
CONDITION
HO DBUG DHDG
Median Median
Mean of Mean Mean of Mean
Monkey Latency Latency Group Monkey Latency Latency
Frieda 5.3 2.4 I Fhaedra 7.9 8.6
Dodle 1^.8 16.8 I Winifred 13.5 15.0
Dlrlch 20.
^
19.8 I Gustav 3.3 2.9
Anton 1.9 1.9 II Ingmar 21.8 21.8
Gunnar 21.7 21.7 II Bengt 22.6 22.6
19
alngle cue In an average of 18.5 days (nedlan, 19. 0 days),
and the four no-di^g Ss met the criterion In an average of
20.2 days (median, 18.5 days). Due to E* s error, one no-
drug 3 (Frieda) was given one extra stereotype day and one
drug-group S (Phaedra) was given two extra stereotype
days. For both Ss, the last six days were counted as crl-
terlonal. The randomization test for two Independent
samples (Siegel, 1956, pp. 152-156) showed no difference
between drug and no-drug groups with respect to days to
criterion. (The nonparametrlc randomization test was con-
sidered more suitable than the parametric t-test for eval-
uation of data from this experiment because the randomi-
sation test Is not as sensitive to atypical scores and
does not require the assumptions of normally distributed
scores and homogenlety of variance. In addition, power
and efficiency of the randomization test are equivalent
to those of the t-test.)
Since Bengt, the drug-group S not Included above, had
not adopted a stereotype by Day 38
,
It was decided to stop
CDP administration on Day 39 and to continue the Insoluble
problem either for six days If no change In behavior re-
sulted or for nine days If responding to the nonpreferred
position decreased. A one-day reversal of the on-golng
Left preference occurred on Day 44, but was considered In-
consequential because (1) the Left preference returned on
Day 45 and (2) home-cage scratching had produced lesions
20
on the foreans In a place which contacted the handhole
rlns when presaes were made, and since the lesion on the
left was more severe than that on the right It was thought
that the lesions could have determined the change In pre-
ference. Thus Bengt was given the soluble problem on the
eighth day after CDP administration ceased.
Kean response latencies are compared In Fig. 1(A) for
the four no-drug Ss and the four drug-group Ss who com-
pleted the six crlterlonal days of the Insoluble problem.
One S (Dodle) in the no-drug group was consistently slow
and accounted for that group's moderate mean latencies;
one S In the drug group (Ingmar) was a moderate responder
until the last two crlterlonal days and accounted for the
lower drug-group latencies on those two days. The random-
ization test for two Independent samples showed no differ-
ence In mean latencies between drug and no-drug groups
when the comparison was based on all six crlterlonal days
or when based on only the last two crlterlonal days.
To overcome the effects of atyplcally slow Ss on the
group means, group medians were examined (Fig. IB). The
median latency over the six crlterlonal days was 1.4 sec.
for the no-drug group and 2.1 sec. for the drug group.
The difference was tested by comparing the group medians
over the six crlterlonal days using the randomization test
for matched pairs (Siegel, 1936, pp. 88-92), and the dif-
ference barely missed statistical significance (p=.062.
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Pig. 1. Kean latencies (A) and median latencies (B)
of the drugged and non-drugged Ss during the sli crl-
terlonal days of the Insoluble problem. Each point
represents the data for a 20-trlal block.
MEDIAN
LATENCY
(SECS.)
MEAN
LATENCY
(SECS.)
A
Fig. 1
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two-tailed test).
A second means of evaluating the effects of CDP on re-
sponse latencies was to compare mean latencies during the
last two days of pretraining (Table 1) to mean latencies
during the six crlterlonal days of the Insoluble problem
(Table 2). The no-drug group displayed a mean decrease of
5.6 sec. (from 10.6 sec. in pretraining to 5.0 sec. In the
Insoluble problem) while the drug group displayed a mean
decrease of 7.8 sec. (from 11.6 to 3>8 sec.). The pre-
sence of an atypical 3 in each group (Ulrich In the no-
drug and Gustav In the drug group — see Table 2) prevent-
ed the difference In mean decreases from being significant
when tested with a one-tailed randomization test for Inde-
pendent samples. The changes In meain latencies from pre-
training to the Insoluble problem were also tested for
each group separately using one-talled randomization tests
for matched pairs. The mean decrease of the no-drug group
was not significant (p>.10), but the mean decrease of the
drug group was as significant (p=.062) as the small num-
ber of Ss (n=4) would allow.
Becords of Intertrlal presses were examined for both
groups and a comparison was made over the six crlterlonal
days. The mean number of Intertrlal presses per day for
the no-drug group (n=4) was 18.4 while that for the drug
group (n=4) was 251.2. Despite extreme Intersubject var-
iability (Table 2), the randomization test for Independent
23
Table 2. Besponse data for the four Ss In the no-drug
and drug groups uhloh met the stereotype criterion In the
Insoluble problem over the six crlterlonal days. Crlter-
lonal days, mean latencies, change In mean latency from
pretraining, and mean Intertrlal presses per day are
shown.
Crlter-
lonal
Group Monkey Days
No Drug Frieda 3-8
Dodle li^rl9
Dir1oh 13-18
Anton 31-36
Drug Phaedra 7-12
Winifred 21-26
Gustav 6-11
Ingmar 22-27
Latency Mean
Change Inter-
Mean from pre- trial
Latency training Presses
1.8
-3.5 36
16.6 +1.8 13
0.8 -19.6 7
0.8 -1.1 3S
2.3 -5.6 27
0.5 -13.0 1099
2.3 -1.0 102
10.2 -11.6 20
2k
samples yielded a probability of p*i058 for this difference
Group medians were examined to renore the Inflationary ef-
fects of IndlTldual Ss on the results. Over the six crl-
terlonal days the median Intertrlal presses per session
wore 20,2 for the no-drug group and 46.2 for the drug
group. A one-talled randomization test for matched pairs
was used to evaluate the difference between group medians
over the six crlterlonal days and yielded significance at
the P-.031 level.
Upon examination of the number of days In which a ster-
eotype was practiced prior to the six crlterlonal days. It
was found that the number of such days was 18 for the no-
drug Ss and 22 for the drug Ss (Table 1, Appendix). In
each group, two Ss had one or no stereotype days prior to
the crlterlonal days and two Ss had seven or more. The
rsLndonlzatlon test for- Independent ssunples showed the dif-
ference to be not significant.
Soluble Problem . The soluble problem was given to all Ss
with Dark correct because all Ss had adopted position
stereotypes.
In the soluble problem only one S, Phaedra, a drug-group
S, deviated more than seven times from Its stereotyped re-
sponse. She first responded to the non-stereotyped posi-
tion on Day 3, and xmtll meeting the termination criterion
(of three consecutive days with mean latencies at the sane
level and distributed within days In the same pattern) on
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Day 14’, she deviated on a total of 11 days. On eight days
no more than four deviant presses were Bade, hut on Days
12, 13, and 14 deviant presses were made 35* 48, and 36
times, respectively. Deviant presses were not necessarily
made when Dark, the correct stimulus, was In the position
opposite the stereotype. For example, on Day 14 the per-
centage of correct responses was 61 while a maximum of 95^
correct was possible with 36 deviant presses. Phaedra was
run for an additional 25 days to encourage solution of the
problem, but no day was obtained In which performance ex-
ceeded 80^ correct.
Bengt, the drug-group S for whom the stereotype criteri-
on was waived In the Insoluble problem, adopted a stereo-
type to Bight on the first two days of the soluble prob-
lem and maintained the stereotype throughout the remainder
of the experiment (Table 1, Appendix).
The termination criterion was met In 3“36 days. Both
extremes occurred In the no-drug group (Table 3)» l>ut the
means were nearly Identical at 14.8 and 14.6 days for the
no-drug and drug groups, respectively, and a randomization
test for Independent samples showed that the groups did
not differ In this respect.
All comparisons^ of latencies In the soluble problem were
based either on the three days required for meeting the
termination criterion (three orlterlonal days) or on those
days plus the three days which Immediately preceded then
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Table 3« Response data for all Ss during the three
orlterlonal days of the soluble problem. Crlterlonal
days, mean response latencies to correct and Incorrect
oues, and mean Intertrlal presses per day are shown.
Mean
Crlter-
lonal
Group Monkey Days
No Drug Frieda 6-8
Dodle 13-16
Dlrlch 1-3
Anton 9-11
Gunnar 34-36
Drug Phaedra 12-14
Winifred 4-6
Gustav 8-10
Ingmar 19-21
Bengt 16-18
Mean
Latency
Correct
Mean
Latency
Incorrect
Inter-
trlal
Presses
0.9 1.0 9
18.9 17.3 4
0.8 0.7 6
0.7 0.7 85
17.6 16.3 80
0.9* 0.9* 64
0.6 0.6 325
0.7 0.9 317
1.5 1.4 7
1.2 1.2 212
Because the semi-automated apparatus was not equipped
to record latencies of responses more specific than po-
sition responses, and because Phaedra did not practice
a stereotyped position response on these days, the means
represent overall mean latencies. However, there Is no
reason to believe that Phaedra's latencies at this time
were differential (Table 1, Appendix).
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(six terminal days). Comparisons based on the three crl-
terlonal days Include all Ss, but comparisons based on the
six terminal days do not Include Ulrich, the no-drug S who
met the termination criterion on the first three days of
the soluble problem.
Figs. 2(A) and 2(B) show-the mean and medlem latencies
of the drug and no-drug groups to correct and Incorrect
stimuli on the terminal six days. Ulrich's data are In-
cluded In the means and medians of the no-drug group for
lllnstratlve purposes onlyt the drop In latencies In the
no-drug group Indicates that he was a fast responder, and
the lack of change In the latency difference between cor-
rect and Incorrect stimuli shows that Ulrich, as well as
the other Ss In the group, failed to respond differential-
ly to correct and Incorrect. Two-talled randomization
tests for matched pairs were used to evaluate the differ-
ences In latencies between correct and Incorrect stimuli
In the no-drug group and In the drug group. Neither the
tests over the six terminal days (with Ulrich excluded
from the no-drug comparison) nor the tests over the three
crlterlonal days (with Ulrloh Included) yielded signifi-
cance for either group. Since there was no latency dif-
ference between stimuli for either group, latencies were
pooled over stimuli for a comparison of the latencies of
the two groups. Randomization tests for Independent
samples were used to evaluate the means and randomization
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Fig. 2. Mean (A) and median (B) response latencies of
the no-drug and drug groups to correct and Incorrect
stimuli during the six terminal days of the soluble
problem. Each data point represents mean or median la-
tency to correct or Incorrect during a 20-trlal block.
Ulrich* 8 data are Included In the no-drug group* s re-
sults on only the last three days (for explanation,
see text).
Pig. 2
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tests for matched pairs were used to evaluate the medians
over the six terminal days and over the three crlterlonal
days. Not one of the four tests yielded significance.
Intertrlal presses were compared for the two groups
(Table 3). Over the six terminal days the mean dally num-
ber of Intertrlal presses -was for the no-drug group
and 159.1 for the drug group. A one-talled randomization
test for Independent samples showed this difference to ap-
proach significance (p=. 079) • Over the three crlterlonal
days the no-drug group averaged 36.7 Intertrlal presses
per day and the drug group averaged 185.2. This differ-
ence was significant at the p^.052 level.
To check the possibility that this difference might have
been due to persistence of CDP, Intertrlal presses were
examined In the records of three drug-group and one no-
drug Ss which were given the soluble problem for at least
eight additional days after meeting the termination cri-
terion. One-talled randomization tests for matched pairs
were used to compare Intertrlal responding on the terminal
days to that on six post-termination days In a block be-
ginning on the third day after criterion was met. Gustav
and Phaedra both displayed significant decreases from
215.3 to 3.0 mean dally Intertrlal presses (p=.0l6) and
from 61.1 to 25.1 (p=.031), respectively. However, Wini-
fred’s scores displayed an Increase (from 3^3«9 to 583.2)
which was not significant. Winifred’s Increase was due to
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elevated responding on the first three days of the post-
termination block; Intertrlal responding on the last three
days of the block decreased to an average of 168.7 presses
per day. The comparison for the sole no-drug S (Frieda)
showed that the decrease from 13.5 to 9.5 vas not signifi-
cant.
Ancillary Observations
.
Informal observations revealed
two additional effects of CDF. One drug-group S (Phaedra)
vocalized and violently resisted being placed In the re-
straining chair during pretraining and during the soluble
problem, but during the Insoluble problem, when CDP was
given, the vocalization and struggling did not occur. A
second effect wAs acceptance of reward pellets. Two Ss
(Phaedra and Ingmar) tended-to accept pellets more often
under CDP than In the non-drugged state, but another S
(Gustav) accepted pellets less often under CDP. The re-
maining Ss In the drug group showed no remarkable contrast
between drugged and non-drugged states, and no Ss In the
no-drug group behaved differently In one phase than they
did In any other phase.
Electroenoephalographlo Results .
A signal was observed which was characteristic of some
sites In the amygdala and hippocampus (Pig. 3^). The sig-
nal was a regular 10-14/sec. (usually 11-13/sec.) rhythm
which was 50-500 uV. In amplitude and was displayed In one
or more leads from Frieda, Dodle, Anton, and Gunnar In the
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Fig. 3. Sample recordings from Phaedra. (A) Ehythmlc
actlTlty without drug. (B) Ehythmlc actlTlty one hour
after a dosage of CDP (30 mg,/kg.). Traces, from top to
bottom, represent activity In the left amygdala, events
and time In sec., activity from the right amygdala, ac-
tivity from the left hippocampus, and activity from the
right hippocampus; amplitude markings represent 50 uV.
Records from other animals displayed rhythmic activity
from one or more sites, Md not necessarily from all
four as In Phaedra's case.
ij
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no-drug group and from Phaedra, Ingmar, and Bengt In the
drug group. The range In frequency was due mainly to dlf
ferences between Ss: the rhythm was constant within
1-2/sec. In records from a given site, but considerable
variation In amplitude could be observed frOn toy given
lead. Incidental observation Indicated that the rhythm
occurred only when the ^s wore motionless, usually with
eyes closed or half-open, teeth slightly bared, and arms
held out In front of them contacting nothing.
Recordings were made continuously until 4-10 trials had
elapsed during the first 20-trlal block and again during
the last 20-trlal block of each session. If the rhythm
occurred In recordings from a given lead, then all record
ed activity from that lead was scored, except activity
prior to Trial 1 of a session and activity which was ob-
scured by flexion artifact or some other Interference
(such as 60/sec. noise
«
recovery of the polygraph from
shorting of the leads during a punishment, etc.). In
short, then, all scorable activity from a channel In
which the rhythm occurred was scored.
Criteria for identification of a burst of the rhythm
were as follows: (1) the rhythm had to fall within the
frequency range of 10-l4/seo.; (2) the rhythm had to be
regular, that Is, the peaks or troughs had to be temporal
ly equidistant for the duration of the burst; (3) the
rhythm had to occur for at least 0.6 sec.; and (4) the
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amplitude of the waves bad to be at least 20 uV. greater
than the amplitude of the Immediately preceding and suc-
ceeding activity. It was considered desirable that the
rhythm appear to be sinusoidal In character, but this ex-
treme occurred so seldom that sinusoidal character was
not a scoring criterion. - -
Vfhen scoring the records of each S for each session, the
total amount of scorable recorded time In each Intertrlal
and each on-trlal Interval was noted to the nearest sec-
ond, the total amount of time that the rhythm occurred In
each Interval was noted to the nearest second, and the num-
ber of bursts within each Interval were noted. Since dif-
ferences In the amount of scorable recorded time occurred
from S to S as well as from day to day within Ss, three
ratios were devised to characterize the rhythm* s occur-
rence. These ratios were the percentage of time that the
rhythm occurred within each type of Interval (Intertrlal
or on-trlaJ.), the mean duration of bursts within each In-
terval, and the mean amount of time between Initiations of
bursts within each type of Interval. The last ratio was
partially dependent upon mean duration and yielded highly
variable data, hence It was not used for analysis. Ratios
were calculated for Intertrlal and on-trlal Intervals sep-
arately.
Attempts to relate rhythmic activity to reward or
punishment failed, which m&j be consistent with the lack
of latency difference between correct emd Incorrect stim-
uli In the soluble problem. As can be seen In Table 2 of
the Appendix, no consistent difference In the amount of
rhythmic activity occurred In any lead of any S after re-
ward or after punishment. Hence the post-punishment and
post-reward data were pooled, and all comparisons which
follow were based on the pooled data.
The occurrence of the 10-14/sec. rhythm In the Insoluble
problem was compared to that In the soluble problem In or-
der to evaluate the effect of CDP on the rhythm. All com-
parisons were based on the data of Individual Ss because
Individual differences were too extreme to allow between-
groups comparisons and because the small number of Ss pre-
vented acceptable significance levels from being attained
(1. e., with n=3t 4he best significance level obtainable
with the randomization test for matched pairs Is p^.l25)
In wlthln-groups comparisons. Comparisons were based on
the Intertrlal data from the six terminal days of each
problem for each S. Only two Ss had on-trlal latencies
great enough to allow on-trlal ££Gs to be obtained, and
since one of these (Gunnar) was not given the Insoluble
problem, on-trlal comparisons were not made. Since a pre-
amplifier failure prevented data from being collected from
some Ss for some of the six- terminal days, only pairs of
days for which data were available were used for analysis.
One-tailed randomization tests for matched pairs were used
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for ooeparlsons on all drus-group Ss because there was
reason to believe that CDP reduced the rhythulc activity.
Two-talled tests were used for all no-drug comparisons.
The 10-14/sec. rhythm was found In eight amygdala place-
ments, the records from which were free from Interference
sufficiently often to allow scoring, and the summary of
the results from these leads Is shown In Table 4. In
terms of the percentage time measure, one no-drug S (Frie-
da) displayed a significant decrease (p=.031) from Insol-
uble to soluble problem but two other no-drug Ss did not
change. In the drug group, neither lead from Phaedra
changed, but Ingmar and Bengt both displayed significant
Increases (p=.0l6 and p=.031, respectively). Bengt* s EEG
data were taken from the six days Immediately preceding
removal of CDP because the stereotype criterion was waived
for this S. This procedure maintained the confounding of
terminal drug days' and crlterlonal stereotjrpe days which
was characteristic of the other drug-group Ss, hence the
comparisons between Insoluble problem and soluble problem
nay be viewed as evaluations of the effect of CDP. To
summarize results based on the percentage time measure,
then, one no-drug S displayed a significant decrease and
two drug-group Ss displayed significant Increases from
Insoluble to soluble problems; the remaining Ss showed
no change
.
Comparisons were also made for Individual Ss using mean
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Table k. Charaoterlatloa of the ooourrenoe of the
10-14/aeo. rhytha during the elx teralnal days of the
Insoluble and soluble probless» Abbsrwlatlonsi
CIMlroup Aayg»ABygdala Insol«In8oluble Probloa
BOoHo Drug Blpp^Hlppcoanpus Sol ^Soluble Problea
D»Drug
Prob-Probablllty Ho-Huaber of Pairs of Days
Percentage Tlae Burst Duration
£P Honkey Site Insol Sol Prob Insol , Sol Prob So
HD Frieda LAayg 21.6 lb.7 .03 1.4 1.2 >.05 5
LBlpp 9.8 5.'^ .03 0.8 0.9 >.05 6
BHlpp 8.8 6.3 >.05 1.0 1.0 >.05 6
HD Dodle RAayg 12.0 13.9 >.05 1.1 1.2 >.05 3
LHlpp 9.5 20.9 .03 0.8 0.9 >.05 5
HD Anton BAsyg 2.7 2.5 >.05 1.0 0.9 >.05 6
HD Cumtar RAmyg “ 0.7 — 1.0 6
D Phaedra LAayg 2?.'» 3*>.9 >.05 1.7 2.8 >.05 4
BAfiiyg 37.2 3^.2 >.05 2.3 2*6 >.05 2
Ulpp i4.3 15.8 >.05 1.3 1.2 >.05 6
BHlpp 20.2 25. b >.05 1.5 1.5 >.05 6
0 Ingmar EAayg 13.5 27.1 .02 1.1 1.7 .02 6
D Bengt BAnyg 0.5 00 • CD • o 0.9 1.1 >.05 6
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burst duration as the basic datum (Table k)
.
In the no-
drug group, no S displayed a significant chaxige, while In
the drug group Ingmar displayed a significant Increase
(p=.052). Changes which were not significant In the no-
drug group were also not consistent In direction, while In
the drug group all amygdala leads displayed Increases.
Thus, In terms of mean burst duration the no-drug group
again showed no consistent change, while a consistent In-
crease occurred In the drug group, but with an acceptable
slgnlflcane level In only one S.
The foregoing comparisons suggest that CDP has a greater
Influence than problem over the occurrence of the 10-14/
sec. rhythm, at least In terms of records from the amyg-
dala. To explore the Issue further, one-day experiments
were conducted where recordings wore made before and after
CDP administration. Anton, Bengt, Gunnar, and Ingmar were
given this treatment In pretraining, and Phaedra received
It after completion of the experiment. The randomization
test for matched pairs, when appled to the percentage time
measure, showed the decrease from 19.75^ to 7.5^ to te sig-
nificant at the p=.031 level. However, the decrease In
mean burst duration from 2.2 to 1.2 sec. was not signifi-
cant (p>.062) because Gunner's duration did not change.
A further test of the Issue was made possible by the fact
that Bengt was given seven insoluble problem sessions af-
ter CDP administration ceased. The last seven days with
CDP (Days 32-38) were compared to the seven Insoluble prob-
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lem days on which no CDP was given (Days 39-^5 ) • Days
were matched symmetrically -about the drug-removal point,
e. g. , Days 38 and 39 were paired. Days 37 ^ were
paired, and so on. The Increase In percentage time from
0.5 to 7.6 sec. was significant at the p».0l6 level. How-
ever, the Increase In mean burst duration from 0.9 to 1.0
sec. was not significant due to Identical durations on
three pairs of days.
The 10-14/sec. rhythm was found In five hippocampal
sites (Table 4). Comparisons were made on these records
In the same fashion as the comparisons above, except that
two-talled tests were used for the drug-group S (Phaedra)
as well as for the two no-drug Ss (Frieda and Dodle). In
terms of the percentage time measure, both no-drug Ss
showed significant changes, but In opposite directions:
Frieda decreased In both leads, but significantly only In
the left hippocampus (p^.031); Dodle displayed an In-
crease which was significant at the p~.031 level. Both
leads from the drug-group S Increased, but neither was
significant. In terms of mean burst duration, both Frieda
and Dodle displayed an Increase, but neither was signifi-
cant; the drug-group 3 displayed a nonsignificant de-
crease In one lead and no change In the other lead.
Bank-order correlations wore used to relate rhythmic ac-
tivity In the hippocampus to that In the amygdala during
the Insoluble problem and during the soluble problem In
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Table 5. Bank-order correlations between amygdala and
hippocampus based on percentage time of occurrence of
the 10-14/sec. rhythm.
INS CLUB L E F B 0 B
No.
Group Monkey Sites rho Days Prob.
Ho Drug Frieda LAmyg-LHlpp -.13 8
LHlpp-BHlpp +.67 8 <.05
Dodle RAmyg-LHlpp +.24 15
Drug Phaedra LAmyg-LHlpp +.76 11 <.01
EAmyg-EHlpp +.50 11
LAayg-HAmyg +.78 11 <.01
LHlpp-BHlpp +.75 11 <.01
Group
S C
Monkey
) L U B L
Sites
E P
rho
B 0
No.
Days
B L
Prob.
No Drug Frieda LAmyg-LHlpp +.80 6
LHlpp-BHlpp +.51 7
Dodle BAmyg-LHlpp -.76 9
Drug Phaedra LAmyg-LHlpp +.67 12 <.05
BAayg-BHlpp +.52 8
LAmyg-BAmyg +1.00 6 <.01
LHlpp-BHlpp
.
+.90 14 <.01
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the three Ss from which soorable activity was observed In
both structiires. Only the percentage aeasure was used be-
cause the duration oeasure had too many ties to allow val-
id correlations to be made. As can be seen In Table 5«
the only correlations which achieved significance were
those between Phaedra’s left amygdala and hippocampus.
The correlations between these Ipsllateral structures wore
positive both In the Insoluble problem (rho=0.76, p<.01)
and In the soluble problem (rho«0,67. P<.05). Correlations
between Phaedra' a left and right amygdala and left and
right hippocampus, as well as between Frieda's left and
right hippocampus are Included In Table 5 to allow evalu-
ation of the relationship between pairs of structures dur-
ing both phases of the experiment.
Histological Besults .
Confirmation was made of the sites of the tips of 15
electrodes directed towards the amygdala and of I7 '
electrodes directed towards the hippocampus. Of the five
unconfirmed amygdala placements, two are accountable to
Gustav, who died after the experiment and was destroyed;
two are accountable to Ulrich, whose cement cap loosened
with the electrodes, was unwittingly replaced, ctnd was
found to have damaged extensive portions of the tissue
around the amygdala; and one was due to poor histology
on Dodle's left amygdala. Bhythmlo activity was not
observed from any of these sites. Of the three uncon-
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finned hippocampal placements, two are accountable to
Gustav, and one Is accountable to poor histology on Do-
dle's left hippocampus. Unfortunately, rhythmic activity
was observed from Dodle's left hippocampus.
Occurrence of rhythmic activity Is related schematical-
ly to sites of electrode tips In the amygdala in Fig.: 4(A)
and In the hippocampus In Fig. 4(B). The anterior-post-
erior (AP) planes In which the tips were located were de-
termined by reference to the atlas of Gergen and Maclean
( 1962 ). The average amygdala placement was 9.4 mm. an-
terior from the interaural line, and the actual place-
ments deviated less tha 1.0 mm. anterior and slightly
more than 1.0 mm. posterior from the mean. The repre-
sentation of amygdala sites In Fig. 4(A) Is a composite
with gross structure based on plane AP 9.5 of the Ger-
gen and Maclean atlas and with amygdala nuclear groups
based on the equivalent seetlon In the Emmers and Akert
( 1963 ) atlas. Thirteen placements are represented.
Winifred's two confirmed sites are omitted because hyper-
activity and excessive Intertrlal pressing prevented e-
valuatlon of her EEG records. One site from which un-
soorable rhythmic activity was noted la shown: the re-
cords from Frieda' s right amygdala were obscured by In-
terference on too many days to allow meaningful scoring.
The sites shown suggest that rhythmic activity derived
from the posteromedial portions of the amygdala, Includ-
Pig. *(A). Representation of sites of electrode tips In
the aoT-gdala. Circles represent sites of liiythmlc ac-
tlTlty. Crosses represent no rhythmic activity. Abbre-
viations!
Aq Aqueduct IC Internal Capsule
BA Basal Accessory Amygdala INF Infundibulum
BLA Basal Lateral Amygdala It Nucleus Intercalatus
BHA Hedlal Basal Amygdala LA Lateral Amygdala
CeA Central Amygdala HA Medial Amygdala
GP Globus Pallldus II Optic Tract
Pig. Representation of sites of electrode tips In
the hippocampus, with circles representing sites of
rhythmic activity and crosses representing sites of no
rhythmic activity. Abbreviations!
All Aqueduct
CC Corpus Callossum
Cl Cingulate Gyrus
CSp Corticospinal Tract
Cols Superior Colliculus
Elpp Hippocampus
Put Putamen
Re Reticular Substance
rv N Nucleus of Trochlear
Nerve
Third VentricleIII
XNO
IO-14/SEC.
RHYTHM
=SITE
OF
IO-14/SEC.
RHYTHM
=
NO
IO-14/SEC.
RHYTHM
<3
Ing basal lateral, basal acoessory. Intercalated, and medi-
al nuclear groups.
Pig. J»(B) schematically depicts sites In terms of occur-
rence and non-occurrence of rhythmic activity In the hip-
pocampus. Variations about the AP plane depicted (AP 1.5
from the atlas of Gergen and MacLean) were less than 1.0
m.
,
and the representation Is based entirely upon the
atlas of Gergen and MacLean. Winifred's two confirmed
sites are not Included, for reasons described above.
Rhythmic activity from the posterior hippocampus appeared
to derive from the pyramidal and stratum radlatum layers.
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Discussion
The main findings of the experiment were as follovs:
(1) all Ss but one adopted a stereotyped response. In the
Insoluble problem:
(2) all Ss but one maintained their stereotyped responses
throughout the soluble problem, and the one S which deviat-
ed did not solve;
(3) the Ss which received CDP displayed a tendency towards
elevated Intertrlal responding In the Insoluble problem,
and the elevation persisted through the terminal days of the
soluble problem;
(4) the Ss receiving CDP displayed decreased latencies In
the Insoluble problem; and
(5) the occurrence of a regular 10-14/sec. rhythm, which
was typical of some sites In amygdala and hippocampus, was
found In amygdala records to decrease In Ss given CDP.
That 9 of 10 monkeys adopted stereotyped responses in
the Insoluble problem was to be expected on the basis of
previous results (Feldman 4 Green, 1966), but the total
failure of Bengt to stereotype within 45 days Is surpris-
ing. Conceivably, CDP could exercise a stereotype-pre-
ventive effect, but Bengt* s behavior during the eight
days after CDP was removed and the lack of reports in the
rat literature of similar failures to stereotype (Feldman,
1962; 1964a; 1964b) do not support such a notion. It ap-
pears that the noncrlterlonal stereotype which Bengt
adopted and practiced In the soluble problem was due main-
ly to the lesions on his forearms, although there Is no
way to rule out the possibility that CDP had some Influ-
ence .
At this point attention should be called to a method-
ological artifact which could have Influenced many as-
pects of responding In this experiment and which was not
present In the experiment of Feldman and Green (1966).
The artifact was a confounding of clicks of the relays
which were mounted on the test chamber with onset and off-
set of punishment shock. With regard to Intertrlal press-
es, a click and shock onset were correlated with the press
of a disc, and click and shock offset were correlated with
release of the disc. On a punished trial, a click and on-
set of the 1.0-seo. punishment shock were correlated with
the disc press, but, since Ss usually released the disc
as a reflex to the onset of shook, the click associated
with shock offset was Independent of disc release. Occa-
sionally on piinlshed trials, an S would hold the disc
slightly longer than was necessary for the programmer to
be aotlyated. As a result, the selector relay which was
operated by the programmer would flip to the Intertrlal
position and would actlvate-the circuit for Intertrlal
shook. However, since Intertrlal emd on-trlal punishment
shock were taken from the same generator, and since S
generally released the disc prior to offset of the 1.0-sec.
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punishment shock, the only result of possible dlsc-holdlne
on a punished trial was the addition of one press to the
total on the Intertrlal press counter.
Possible Implications of the confounding of clicks with
shock and disc presses In Intertrlal and punlshed-trlal
responding are (1) that relay clicks could have become cues
Indicating that S had pressed with sufficient vigor to
activate an Intertrlal or on-trlal event or (2) that relay
ollcks could have acquired reinforcement value because the
second of every pair of clicks was always associated with
termination of shock. Hence In the case of a rewarded
trial, where a properly-executed press produced no sound
other than the buzz of the delivery mechanism, the Ss of
the present experiment might have been encouraged to hold
the discs In order to obtain the clicks whereas the Ss In
the experiment of Feldman and Green (1966), although they
wore noted to hold the discs occasionally, had no such en-
couragement. An S which held a disc on a rewarded trial
not only was presented with a pair of ollcks, but also re-
ceived a shock. Disc-holding on a rewarded trial, then,
yielded one click for shock onset after the actual press
had been made, and a second click for shook offset which
was correlated with release of the disc. The shook receiv-
ed in this manner would bo brief because Ss reflexly releas-
ed the disc, but the presentation of the clicks would be
effected (along with whatever Information or reinforcement
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Talue which might have heen associated with them), and one
press would be added to the total on the Intertrlal press
counter. It can clearlj be seen that an S which was en-
couraged to hold the response disc would receive shock In
addition to food on rewarded trials, and that the presenta-
tion of clicks and punishment on both rewarded and punish-
ed trials would make differentiation between correct and
Incorrect stimuli very difficult In both the Insoluble and
soluble problems. It can also be seen that disc-holding
would Inflate Intertrlal pressing scores.
Evaluation of the frequency of disc-holding across or
within Ss Is difficult because the temporal distribution
of Intertrlal presses was not recorded. It was E*s Im-
pression that many Intertrlal shocks were Obtained In the
manner Just described. However, since the actual effects
of the relay-click artifact vls-a-vls disc-holding cannot
be determined, the possible effects must be considered
when Interpreting the results which follow.
If squirrel monkeys were affected by CDP In the present
situation In the same way as rats on a Lashley Jumping
stand, throe or four of the five drug-group Ss would have
been expected to solve, since Feldman (1962) reported that
Ti% of rats given CDP In the Insoluble problem solved the
soluble problem. Only one Of the five drugged monkeys
even broke Its stereotype, but since this S was In the
drug group the result Is at least not contrary to expects-
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tlon. The artifact Just discussed could hare played a very
powerful role In the failure to obtain solutions, for, as
described above. It could have coapllcated the task of
differentiating between correct and Incorrect stimuli.
Indeed, the only S which broke Its stereotype (Phaedra)
never solved, and It can bo shown that her better per-
formance In terms of percentage correct responses might
have been related to reduced frequency of Intertrlal press-
es. The 39 soluble-problem days (14 until meeting criter-
ion and 25 additional days) of this S were examined and
assigned to the four categories which follow (cut-off
points were selected so as to make the number of days In
each category as equal as possible): with regard to In-
tertrlal presses, (1) days with more than 50 (n=ll) and
(2) days with less than 12 (n=13); with regard to per-
centage correct responses, (3) days where performance was
60% correct or better (n=ll) and (4) days where It was
52. 5)^ or worse (n=12). The following 2X2 contingency
table was then constructed with cell entries being days
which met the four criteria obtained by crossing the
intertrlal press extremes with the performance extremes.
Intertrlal Presses
>50 <12
Percent >60 . 0% 2 7
Correct
Responses <52 . 5% 6 1
The negative relation between percentage correct responses
and Intertrlal presses was found by the Fisher exact
probability test (Siegel, 1956, pp. 96-104) to be sig-
nificant (p<.025, one-talled test).
This demonstration would be a more convincing Indict-
ment of the effect of the artifact If It were known that
all Intertrlal presses were -due to disc-holding. But be-
cause the temporal course of Intertrlal presses was not
recorded, the role of disc-holding on this aspect of sol-
uble-problem performance Is not as clear as could be de-
sired. It Is possible that a persisting effect of CDP
could have Interfered with the soluble-problem performance
of this S, for squirrel monkeys will show an effect on
performance In a non-dlsorlmlnated avoidance task one
week after a single dose (10 mg./kg. ) of CDP. However,
since Feldman (1962) reported that rats given CDP during
both phases of the Kaler paradigm were able to solve. It
seems unlikely that a persisting effect of CDP could a-
lone have prevented Phaedra from solving. More likely,
the failure was due to a combination of persisting ef-
fects of CDP and of the effects of the relay-click arti-
fact.
Although the drug group did not display mean or median
latencies lower than the no-drug group, they did display
a greater decrease In latencies from the end of pretraln-
Ing to the crlterlonal days of the Insoluble problem. All
2. Dr. C. L. Scheckel, personal communication, I966.
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four drag-group Ss displayed decreases, and the decreases
of three of the four were large. On the other hand, only
three of the drug Ss displayed decreases, and the decrease
of only one 3 was large. Hence the present results appear
to lie In line with results obtained with rats (Feldman,
1962). The failure to obtain slgnlf Iceince In the test of
the drug group* s decrease was due to the small number of
Ss, and If the last six drug days of Bengt are Included In
the comparison between latencies In pretraining and In the
Insoluble problem, the resulting decrease Is significant
at the p=.032 level.
It Is unclear what effect. If any, the relay-clloh arti-
fact or the subsequent possibility of disc-holding could
have had on group latencies In the Insoluble pwblem. It
might be argued that If the relay-click artifact had In-
duced all Ss to hold the response discs then, since pun-
ishment shock would be given on every trial, all Ss would
Ignore the stimuli and would wait until onset of goad shock
before pressing. The experiment might then resemble a non-
dlsorlmlnated avoidance situation, with Intervals between
goad shocks representing shock-shock Intervals. This set
of elrcumstanoes, occurring early In the Insoluble prob-
lem before an S' a responding had stabilized, might Induce
a general Increase In response frequency which would re-
sult In Increased Intertrlal response totals and In de-
creased but highly variable on-trlal latencies. Sid man
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(I960) described an analogous situation and pointed out
that "elimination of the warning stimulus was found to
result In an Increased rate of avoidance responding. The
animals no longer waited until a shock was Imminent be-
fore pressing the lever, but responded much more rapidly
than was necessary" (pp. 302-303). However, If a mechan-
ism such as this was operating, then the latencies of the
drug-group Ss should have remained high or Increased, and
their Intertrlal press scores should have remained low.
These expectations are based upon the observations of Han-
son (1961) and of Vernier, Hanson, and Stone (1962) that
squirrel monkeys given a tranquilizer (chlorpromazlne) In
a nondlscrlmlnated avoidance situation either failed to
change their rate of avoidance responding or actually de-
creased. Thus a nondlscrlmlnated avoidance Interpretation
appears to be Inadequate as an explanation of the decreased
latencies of the drug group during the Insoluble problem
In the present experiment. Nor Is such an Interpretation
consistent with the failure of Dodle and Gunnar In the
no-drug group to display a decrease In latencies (Table 1,
Appendix).
The failure to obtain differential latencies to cor-
rect and Incorrect stimuli In the soluble problem was un-
expected on the basis of experiments with rats (Feldman,
196ta; 1964b). It Is possible that differences In species
and situations may account for the failure to obtain dlf-
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ferentlal latencies. At first glance It appears that sup-
port Is offered this Interpretation by the results of
Feldman and Green (1966) who found that squirrel monkeys
which displayed significantly differential latencies with
CDP In the soluble problem did not differentiate as great-
ly on no-drug days. However, Feldman and Green attributed
their failure to obtain differential latencies without the
drug to an atypical S which responded nruch faster to the
Incorrect than to the correct stimulus emd thereby negated
the more typical differential latencies of the remaining
Ss. In the present experiment no S in either group con-
sistently displayed differential latencies (Table 1, Ap-
pendix). The possibility that the relay-click artifact
could have produced disc-holding which disrupted differ-
entiation between correct and Incorrect stimuli thus ap-
pears quite plausible. The complication of the task of
differentiation which disc-holding could have produced
could very well underlie the failure to obtain differen-
tial latencies, for, as described above, an S which held
the disc would receive shock on rewarded as well as on
punished trials. Possibly related to this effect was
another factor which was noted In casual observation of
the Ss. This factor was the failure of any S to observe
the two discs systematically prior to each response. Only
two Ss, both In the drug group, were observed to look at
both discs. Phaedra looked at the disc on her stereotyped
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side Infrequently, and when she did look. It was after In-
itiation of the press. If the Incorrect cue was In the
stereotyped position at that time, then she would look to
the other side at the correct cue but would not stop the
press. The second S, Bengt, occasionally looked from one
disc to the other, principally during the insoluble prob-
lem, but was seldom reinforced because he generally presag-
ed with both hands slmultjineously and therefore received
punishment due to the special circuit Included to dis-
courage simultaneous pressing. A disc-holding 3, by vir-
tue of receiving punishment on a large percentage of tri-
als, would be discouraged from learning to observe the
discs before pressing, because, as Stollnltz (I965) points
out, "an observing response Is still a link In a chain
leading to the response on which reinforcement Is based
(the effective response ) . So acquisition and extinction
of observing responses are determined by the same variables
that determine acquisition and extinction of other chained
responses* (p. 249).
With regard to Intertrlal presses per se, during the
crlterlonal days of the Insoluble problem the drug-group
Ss displayed a tendency towards more Intertrlal presses
than the no-drug Ss. That CDP alleviates suppression of
punished responses has been found by Feldman and Green
(1966) In a comparison of Intertrlal presses of squirrel
monkeys on drug and no-drug days and by Geller who found
5‘^
that oynofflolgous moiUceT's (1962) and rats (196^) would ac-
cept more shock with CDP when barpressing for food than
without CDP. The possible disc-holding effect of the
relay-click artifact could have contaminated the present
results by Inflating the Intertrlal press scores, as was
described earlier. It Is possible that disc-holding would
be more likely to occur In drugged them In non-drugged Ss
because the 15 mg. /kg. dosage of CDP made the Ss slightly
ataxic. However, reference to Table 2, which shows the
mean dally Intertrlal press scores over the six crlter-
lonal days of the Insoluble problem for each S, does not
clearly support this possibility because two no-drug Ss
(Frieda and Anton) had Intertrlal press scores which were
greater than those of two drugged Ss (Phaedra and Ingmar)
.
Possibly, the relay-click artifact could have accounted
for all Intertrlal presses In both groups up to a maximum
of 80 (the number of trials In a session) by encouraging
on-trlal disc-holding. If this possibility Is considered
and 80 Is subtracted from each score In Table 2 (with
scores 80 or below subtracted to zero), then only two Ss
(Gustav and Winifred) remain with any Intertrlal presses
at all. Although the two Ss are In the drug group, which
Is consistent with past results, the difference between
groups Is no longer close to significance. In lieu of
definitive means of evaluating the time or frequency of
occurrence of disc-holding, the more conservative con-
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oluslon that disc-holding accounted for the observed In-^
tertrlal press results might be warranted. However, In
light of the fact that the present results are In line
with past findings, the less conservative assumption that
both groups were affected equally by the artifact may be
made, and the Interpretation favored' Is that the observed
difference reflects a genuine effect of CDP.
With regard to Intertrlal presses In the soluble prob-
lem, a difficulty Is presented by the fact that the dif-
ference between drug and no-drug groups persisted through
the terminal days, long after CDP administration had stop-
ped. The possibility that disc-holding alone could ac-
count for this difference may be discounted as follows.
If It Is assumed that all mean Intertrlal press scores
shown In Table 3 up to 80 were due to on-trlal disc-hold-
ing, then subtraction of 80 from all scores (with scores
80 or below subtracted to zero) should remove the contam-
ination of the artifact. Comparison of the resulting
scores by the randomization test for two Independent
samples reveals that the drug group still has more Inter-
trlal presses than the no-drug group (p=.052). It seems
unlikely that ataxia could have. played a role here, for
the ataxia noted In drugged Ss during the Insoluble prob-
lem disappeared within one or two days after the cessa-
tion of drug administration. The possibility that \m-
fortunate assignment of monkeys to groups could account
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for the difference la ruled out by a comparison of Inter-
trlal presses on the last day of pretraining. The mean
munber of Intertrlal presses xas 131*9 (median, 91) for
the no-drug group (n=5) and for the drug group was con-
siderably smaller at 55>0 (median, 48). A two-talled
randomization test for Independent samples showed the
difference to be not significant, due to large Inter-
subject variation. The possibility of a persisting ef-
fect of CDP must be considered since, as was pointed out
earlier, squirrel monkeys show behavioral effects one
week after a single dosage of CDP. Comparisons of litter-
trial pressing during the six terminal days of the soluble
problem with those during the six post-termination days In
a block beginning on the third day after criterion was met
revealed significant decreases for two drug-group Ss and
suggested that a third drug-group S would also have dis-
played a significant decrease had she been tested longer;
on the other hand, no significant change was shown by the
one no-drug S for which the comparison could be made.-
Thus, It appears that systemic traces of CDP, or one of
Its metabolites (Koechlln, Schwartz, Krol, & Oberhansll,
1965), could have contributed to the observed alleviation
of shock-suppressed responses. In fact, Bandall, Scheckel,
and Banzlger (1965) reported that the first metabolic pro-
duct of CDP possessed many of the qualities of CDP when
given to mice, rats, and squirrel monkeys. Hence It Is
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suggested that a persisting effect of CDP accounted for
the elevated Intertrlal responding of the drug group dur-
ing the soluble problem.
The 10-14/sec. rhythm observed In EEG records from the
amygdala and hippocampus occurred only when the Ss were
motionless and, at least from the posteromedial amygdala,
was found to decrease In the presence of CDP.
Lack of movement appeared to be a necessary condition
for the appearance of the rhythm. The position of the
monkeys when the rhythm occurred was abnormal, for the
same Ss were never observed In the home cage to adopt
and hold a position with arms held out In space, teeth
bared, and eyes closed or half-open and staring blankly.
The abnormal posture may represent a specles-speclfIc re-
sponse to noxious stimulation, for the Ss received pun-
ishment on a large percentage of trials. Thus the 10-14/
sec. rhythm may be a correlate of an Inhibition of motor
behavior based on fear. Further suggestive evidence that
the rhythm was correlated with fear-based motor Inhibition
Is offered by the results of an additional monkey^ whose
amygdala records showed the rhythm to disappear over a
period of days without shock and then to reappear when
shook was reinstated. The experimenter for this S also
noted that rhythmic activity tended to occur only when the
3. Dr. Hobert S. Feldman generously offered the raw data
of this S for analysis.
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S was Botlonless. Thus It Is suggested that the 10-14/
sec. rhythm was correlated with Inhibition of motor be-
havior probably based on fear.
Alternative Interpretations of the significance of the
rhythm may be offered. One alternative Is that the rhyth-
mic EEG activity was an artifact produced by trembling In
the Ss when they assumed the abnormal motionless posture.
This possibility may be ruled out by the fact that In many
Ss the rhythm occurred In only one channel, whereas It
wotild be expected to occur In all channels If It was pro-
duced by tremors. A second alternative Is that the rhyth-
mic activity represented seizures produced by Injury due
to the Implanted electrodes. Apparent support for this
Interpretation Is offered by the finding of Gergen and
MacLean (1961) that the frequency of seizure bursts In
the hippocampus of squirrel monkeys was 9-ll/seo., which
Is close to the 10-l4/sec. -range noted In the present ex-
periment. Arguing against this Interpretation, however,
are the facts that during seizures the EEG records are
flat between bursts of rhythmic activity or contain sei-
zure spikes. In the present study the records showed the
Interburst Intervals to be filled with low voltage fast
activity, hence neither flat records nor spikes were ob-
served. Also arguing against this Interpretation Is the
finding of Flynn, Wasman, and Egger (1962) that rhlnen-
oephallc seizures disrupt the performance of skeletal re-
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sponses while In the present study the Ss would respond
Immediately upon presentation of a trial despite ongoing
rhythmic activity (which ceased as soon as the response
was Initiated).
Although examination of 29 Journals In which EEG studies
were likely to be reported from 1960*^ to the present fail-
ed to reveal €uiy research on correlative EEGs from squir-
rel monkeys, or any references to such research, evidence
was found which suggested that rhythmic activity from
neural centers Is associated with Inhibitory processes In
rats, dogs, cats, monkeys, and humans.
Perhaps the best known of these EEG rhythms Is alpha,
an 8-13/sec. signal found In hiimans from scalp electrodes
placed over occipital and parietal cortex. Alpha Is re-
duced In amplitude or eliminated by visual stimulation, by
attempts to see, or by visual Imagery, and hence occurs
when the visual system Is not In use (Veils, 1962).
A second rhythm, called mu by Glaser (1962, p. 10), Is
In the 7.5-11/sec. range and Is found In records from
scalp electrodes on the tempero-parletal areas of humans
(Clganek, 1959) and from deep multlelectrodes In the ro-
landlo area of humans (Chatraln, Petersen, & XiSzarte,
4. i960 was chosen as an earlier limit on the basis of
notes, suggesting that squirrel monkeys were rarely used
as laboratory snlmals prior to that time, which appeared
In A. M. Sohrler (Ed.), Laboratory Primate Newsletter,
Brown University, Providence, B. I.
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1959). Authors of the latter two studies reported that
passive and reflex movements blocked the rhythm primarily
on the contralateral side after the movement was Initiated
that spontaneous voluntary movement blocked the rhythm bi-
laterally with blockade first appearing contralaterally
and prior to execution, that voluntary movement on com-
mand blocked the rhythm bilaterally, simultaneously, and
prior to execution, and that tactile and other stimulation
failed to block the rhythm.
Buohwald and co-workers (Buchwald, Vyers, Okuma, & Heu-
ser, I96I; Heuser, Buchwald, & Wyers, I96I; Buchwald, Heu-
ser, Wyers, 4 Lauprecht, I96I) reported a rhythmic EEG
pattern In several motor cortex and subcortical sites
which occurred for as long as three sec. In response to
a brief electrical pulse to the caudate nucleus of the cat
They called the rhythm the caudate spindle, and found that
stimulation Intense enought to elicit It decreased the ac-
curacy of visual discrimination performance and drastical-
ly reduced speed In a reaction time task. Through use of
lesions, drugs, and electrical stimulation these workers
Identified paths necessary for transmission of the caudate
spindle, and hypothesized an Interaction between thalamus
and caudate such that Information from nucleus centnim
medlanum of the thalamus was fed to the caudate and was
fed back to nucleus ventralls anterlorls of the thalamus.
The Information from this "caudate loop" was Inhibitory
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In nature, and together with facllltatory Information as-
cending directly fro* nuoleus centrum medlanum could modi-
fy input to the cerebral cortex. Thus the caudate spindle
was identified with the action of an inhibitory circuit.
Elppooampograms from rats, rabbits, cats, and monkeys
often reveal a 4-7/sec. rhythm called theta by Glaser
( 1962 , p. 10). Green and Ardulnl (1954) found theta to
occur In response to sensory stimulation In any modality
in rabbits, cats, and monkeys. Grastyan, Llssak, Mad-
arasz, and Donhoffer (1959) found theta to occur In oats
during acquisition of conditioned approach smd avoidance
responses. Adey, Dxmiop, and Hendrix (I960) found theta
to occur In cats during approach responses In a discrimi-
nation situation. Bremner (1964) found theta to occur In
rats In a nondlscrlmlnated avoidance situation. Bremner
(1964 ) suggested that all these results were correlated
with an arousal ptoosbb
,
possibly underlying attentive-
ness. Consistent with Bremner* s suggestion Is the more
restrictive view of Gerbrandt (I 965 ) that theta repre-
sents an Inhibitory process whereby responses Irrelevant
to or competing with the response to be performed are con-
trolled, thereby allowing release of relevant responses.
In other words. In the oases of Green and Ardulnl (1954)
and Grastyan et al. (I959 ) theta could correlate with an
Inhibition of attentiveness to background stimuli thereby
allowing a focus of attention on the experimental stlmula-
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tion; In the case of Adey at al. (i 960 ) theta could cor-
relate Kith the Inhlbltlon-of the Incorrect response ten-
dency In a tKO-cholce situation; and In the case of Bren-
ner (1964) theta could correlate with Inhibition of com-
peting responses. Gerbrandt (1964; I965 ) uses these and
other studies to Identify an Inhibitory system, "function-
ing to control behavior competing with a response to be
stabilized" (I 965 , p. 118).
Thus precedents exist In at least four different general
areas for rhythmic EEG activity to be associated with In-
hibitory processes. The 10-14/sec. rhythm observed from
the amygdala and hippocampus of squirrel monkeys Is per-
haps not to be Identified with any of the foregoing phe-
nomena due to species, site, and situational differences,
but common to all examples Is one or another form of In-
hibition.
Bhythmlc activity from the amygdala has been found In
several species, but the frequency has typically been very
high (40/sec.) compared to that found In squirrel monkeys
In the present experiment. The 40/sec. rhythm has been
found In cats (John 4 Klllam, 1959). dogs and rhesus monk-
eys (Domino & Uekl, i 960 ), and, although related to ol-
faction In the cat (Carbonell, Esoalona, 4 Sevlllano,
1963 ; Gault 4 Leaton, 1963), It has been found to serve
as an Index of arousal (Fagano 4 Gault, 1964). The latter
workers found significant Increases In the occurrence of
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the rhythm as cats passed from one to the next of the four
behavioral states designated "sleep", "relaxed", "alert",
and "aroused". Lesse (i960) found that the 40/sec. rhythm
from the cat amygdala was specifically ellcltable by a CS
for an avoidance response, thereby Uniting the rhythm with
emotional arousal. Thus the results of the present exper-
iment, which suggest a relation between rhythmic activity
and fear-based motor Inhibition, are given some support, at
least with regard to the fear aspect, by the findings of
Fagano and Gault (1964) and of Lesse (i960}.
The effects cf CDP on the 10-14/sec. rhythm frcm the
amygdala wore found to be a reduction In percentage of
time that the rhythm occurred and a reduction In mean dur-
ation of bursts. Since, as described earlier, the rhythm
appeared to be related to fear, and since CDP not only de-
presses reactivity of the amygdala to electrical stimula-
tion (Schalleck k Kuehn, i960; Lanolr, Naquet, k Bequln,
1964) but also reduces reactivity of animals to fearful
stimuli (Geller, 1962; 1964; Helse & McConnell, I96I) and
situations (Feldman, 1962; 1964b; Kamano k Arp, 1962), the
reduction In the 10-14/sec. rhythm was perhaps to be ex-
pected.
With regard to the appearance of the 10-l4/seo. rhythm
In hippocampal records, support of a general nature Is
offered to the notion of an association between rhythmic
activity and Inhibition of motor behavior by the studies
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dealing with the theta rhythm, which showed theta to be
associated with selective Inhibition of some types of mo-
tor behavior. It Is unlikely that the rhythm observed In
the present experiment may be the squirrel monkey' s analog
to theta because (1) rhythmic activity In the present ex-
periment was associated with general motor Inhibition while
theta Is correlated with Inhibition of a more selective na-
ture, and because (2) the 10-14/sec. rhythm appeared In
both amygdala and hippocampus In squirrel monkeys while
theta occurs only In the hippocampus of other species.
Nonetheless, the general findings of associations between
rhythmic neural activity and some types of ' Inhibitory
processes In past experiments appear to be consistent with
the present findings.
Correlations between the occurrence of the rhythm In the
amygdala and In the hippocampus were significantly posi-
tive for only one pair of Ipsllateral sites. Close exam-
ination of the histology suggested that the electrode tips
were In the large-celled part of the basolateral amygdala
and In the stratum radlatum layer of the pcsteroventral
hippocampus. This pair of sites may be analogous to the
pairs In which Krlendler and Sterlade (1964a; 1964b) and
Morlllo (1962a; 1962b) found a strong relationship to exist
in terms of evoked potentials. That the remaining correl-
ations between amygdala and hippocampal rhythmic activity
were not significant probably reflects non-optlmal place-
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ent of the tip of one or both electrodes. The reisalnlng
hlppocEunpal electrodes from which the rhythm was observed
and for which confirmation was possible appeared to have
their tips In the pyramidal cell layer.
CDP had a different time course on the 10-14/sec. rhythm
from the amygdala than It had on Intertrlal presses. De-
spite the Increase In rhythmic activity within one to three
days noted In Bengt and Ingmar (Table 2, Appendix), Inter-
trlal pressing remained elevated for as much as two weeks
after removal (Table 1, Appendix). Metabolism of CDP by
primates apparently requires a number of days, as behav-
ioral effects of CDP have been observed seven days after
a single dosage In cynomolgous monkeys (Geller, 1962) and,
as noted before. In squirrel monkeys. It Is possible that
the 10-14/sec. rhythm Is not sensitive to a metabolite of
CDP (Koechlln, et al., 1965) which may effect the contin-
ued alleviation of response suppression (Bandall, et al.,
1965). Previous studies of the effects of CDP on the amyg-
dala, such as those of Morlllo (1962a; Horlllo, Bevzln, &
Knauss, 1962) and Schalleck and Kuehn (i960), offer no
precedents, for spontaneous or correlative activity was
not measured. If the Intertrlal presses and the rhythmic
activity are regarded as measures of the same thing, pre-
sence of CDP, then the Intertrlal press Is a much more
sensitive measure.
However, since ancillary observation suggested that such
gross effects as ataxia, vocalization, and reward accept- "
ance roughly paralleled the time course of recovery of the
rhythm after CDP was removed. It Is possible that the
rhythm and Intertrlal presses are not measures of the
same phenomenon. It Is possible that CDP or one of Its
metabolites could continue to act upon a response-sup-
pression system, as evidenced In the present experiment
by continued high rates of pressing between trials, while
ceasing to exercise as strong an influence on mechanisms
for dealing with fearful stimuli, as evidenced by recovery
of or Increases In the 10-14/sec. rhythm. Thus It Is sug-
gested that CDP allowed separation of two neural systems
which may be functionally Independent to a degree: one
system operates to suppress responses and the other oper-
ates to provide appropriate emotional reactions to noxious
stimulation. Support for separation of these two systems
Is offered by Wenzel (1959) '•'ho observed that oats given
reserplne were still fearful despite alleviation of shock-
produced suppression of responses.
If CDP Is to be understood as acting principally on the
amygdala, then evidence should be available In the lesion
and stimulation literature to Indicate that the amygdala
participates in motor-suppression and fear-appreolatlon
systems. With regard to the motor aspect, the withholding
of responses Is very difficult for amygdaleotomlzed rats
(Schwartzbaum, Eelllcutt, * Thompson, 1964), oats (Horvath,
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1963)* and monieys (SchwartzbaUm, 1965 )» and Is said by
Goddard (1964) In his rcTlew to be characteristic of anyg-
dalectomlzed animals In general. With regard to the emo-
tional aspect, Goddard (1964) cites 43 titles to support
the contention that amygdalectomlzed animals are placid
or unresponsive to noxious stimulation, and electrical
stimulation of the amygdala has been shown to produce fear
responses in rats (Wurtz & Olds, I963), autonomic arousal
in cats (Hilton & Zbroztna, I963; Lang, Tuovlnen, & Val-
leala, 1964), conditioned avoidance responses in rhesus
monkeys (Delgado, Hosvold, 4 LoOney, 1956), and reports
of fear from humans (Hullan 4 Penfleld, 1959; Delgado,
I96O; King, i960). None of these studies, however, was
oonduoted with an eye towards separating motor- suppress ion
and fear-appreciation systems, so direct support for the
present hypothesis is lacking.
The hypothesis of functionally separable systems within
within the amygdala would be aided by reports of topo-
graphical separation, but attempts simply to localize
functions within the amygdala have met with scant suc-
cess, probably due to extensive overlap of afferent smd
efferent projections (Gloor, I96O; Goddard, 1964). Chem-
ical techniques provide a promising means of separating
functional systems in spite of overlap. For example,
Grossman (1964), by injecting neurochemlcals directly
into the ventral amygdala of rats, was able to elicit
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BotlTated eating or motivated drinking from a given site,
depending on the substance Injected. It Is doubtful that
response suppression could occur without fear, but a demon-
stration In which fear was observed without suppression
would be useful. A demonstration might be based on condi-
tioned emotional response methodology where a three-minute
tone terminating with shock Is presented while S Is re-
sponding for food on a variable-interval schedule. The
conditioned emotional response Is a cessation of respond-
ing during tone presentation which develops after a few
pairings of tone and shook. If squirrel monkeys with re-
cording electrodes In the amygdala were used, then the
10-l4/sec. rhythm might be expected to occur only during
tone periods, and emotionality Indices such as urination,
defecation, vocalization, etc., would be expected to re-
flect fear during tone periods. Direct Injection of CDP
Into the amygdala would. If the present hypothesis Is cor-
rect, effect a long-lasting alleviation of suppression
during tone periods and a less long-acting depression In
the emotionality measures. If the emotionality measures
and the rhythmic activity recovered before responses again
became suppressed, then support I'or separable response-
suppression and fear-appreclatlon systems within the amyg-
dala would be offered. Even stronger support would be
offered the present Interpretation If agents were found
which specifically depressed one system and not the other.
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Tn winnTiiaTy j then* CDP tended to produce a decrease In
response latencies during the Insoluble problem, a long-
lasting elevation of punished Intertrlal responses, and
an Immediate reduction In the occurrence of a 10-14/sec.
BEG rhythm from the amygdala. The latter tiro effects may
be regarded as representing -differential action of CDP
over time on a response-suppression system and on a fear-
appreciation system.
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Table 1. Beaponse data for all Ss on all erperlmental
daya until termination criterion waa met.
Abbrevlatlonat
GP=Gronp; ND^No Drug; D=Drug; IP=Insoluble Problem;
SP«Soluble Problem; S=Number of on-trlal presaes to cue
oppoalte the one stereotyped; LAT=Hean Latencies over
the four 20-trlal blocks of a dally session; +=Correct;
-•Incorrect; ITP=Number of Intertrlal Presses.
GP Monkey Day S LAT+ LAT- ITP Day S_ LAT+ LAT- ITP
HD Frieda lP-1 18 2.3* 111 SP-1 0 1.6 1.7 11
2 0 3.0 80 2 0 2.1 2.2 2
3 0 2.0 32 3 0 1.4 1.6 25
k 0 2.0 56 4 0 1.6 1.9 0
5 0 2.2 11 5 0 2.0 1.7 28
6 0 1.7 24 6 0 1.0 1.0 11
_
- 7 0 l.'^ 22 7 0 1.1 0.8 5
8 0 1.5 63 8 0 0.8 1.0 12
•Latencies during Insoluble Problem are pooled over re-
warded and punished trial
HD Dodle IP-1 3 11.4 62 SP-1 0 20.2 19.8 5
2 9 19.6 3 2 0 19.4 18.5 13
3 2 20.8 65 3 0 18.2 17.4 3
4 0 18.9 7 4 0 20.4 19.3 8
5 0 19.4 9 5 0 20.0 20.0 7
6 1 21.6 18 6 0 19.9 19.1 8
7 0 20.5 14 7 0 20.0 19.3 2
8 0 14.4 53 8 0 20.1 19.3 2
9 0 14.3 37 9 0 20.1 19.4 7
10 0 12.8 50 10 0 20.0 20.4 15
11 1 23.3 4 11 0 20.4 20.5 21
12 0 21.6 8 12 0 19.0 16.1 8
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GP Honker Day LAT+ LAT- ITP 2S2_ s_ LAT+ LAT- ITP
ND Dodle IP-13 1 15.9 21 SP-13 0 17.8 18.9 8
(Cont.
)
lU 0 15.5 5 14 0 20.1 20.3 3
15 0 16.5 8 15 0 18.1 18.9 7
16 0 14.9 8 16 0 19.4 19.2 1
17 0 14.6 12
18 0 17.1 39
19 0 20.7 5
ND Dlrlch IP-1 50 19.4 208 IP-12 1 1.2 104
2 42 15.6 89 0 0.7 14
3 10 27.7 30 14 0 0.8 0
4 8 8.8 81 15 0 0.7 4
5 14 '9.6 134 16 0 1.2 5
6 16 14.4 35 17 0 0.6 17
7 18 11.7 21 18 0 0.7 2
8 18 3.5 25
9 4 1.2 33 SP-1 0 0.9 0.7 1
10 2 1.0 28 2 0 0.6 0.6 3
11 0 0.9 42 3 0 1.0 0.9 l4
ND Anton IP-1 39 2.0 208 IP-25 0 0.8 104
2 33 6.4 464 26 0 1.2 106
3 28 3.5 369 27 1 1.1 91
4 7 5.1 292 28 2 1.4 58
5 40 3.3 262 29 0 0.8 86
6 51 1.6 222 30 4 3.4 12
7 39 • 1.8 128 31 0 1.0 83
8 27 3.0 220 32 0 0.8 56
9 1 3.0 183 33 0 0.7 21
10 3 2.0 198 34 0 0.7 24
11 4 1.8 171 35 0 0.8 23
12 0 2.1 200 36 0 1.2 18
13 1 4.2 146
14 1 1.4 94 SP-1 0 2.0 0.6 7
15 0 2.2 97 2 0 0.9 0.6 3
16 2 1.6 147 3 0 1.1 0.6 10
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CP Honker Day LAT+ LAT- ITP Day s_ LAT+ LAT- ITP
ND Anton EP-17 0 3.8 255 SP-4 0 1.1 0.7 15
(Cent.
)
18 1 6.2 179 5 0 0.5 1.0 22
19 1 5.2 217 6 0 0.7 1.6 50
20 0 2.2 161 7 4 3.0 1.6 70
21 1 3.2 207 8 1 1.4 1.2 106
22 2 1.8 257 9 1 0.8 0.7 78
0 1.5 185 10 1 0.7 0.8 79
Zk 0 1.2 108 11 0 0.6 0.7 98
ND Gunnar SP-1 0 21.8 22.7 185 SP-1
9
0 14.3 13.6 93
2 0 21.4 22.4 170 20 0 10.9 11.0 90
3 0 20.4 21.4 137 21 0 15.6 14.2 79
4 0 19.7 22.2 159 22 0 15.5 19.4 76
5 0 19.9 19.7 177 23 0 15.8 17.6 76
6 0 20.1 20.9 144 24 0 18.5 16.4 140
7 0 20.4 20.2 157 25 0 16.8 17.0 86
8 0 23.4 22.7 111 26 0 16.5 16.6 90
9 0 21.3 21.4 113 27 0 17.3 18.4 83
10 0 20.7 21.5 72 28 0 18.8 19.4 188
11 0 20.2 21.2 68 29 0 19.6 19.0 81
12 0 18.7 16.8 81 30 0 * 25
13 0 16.7 15.6 83 31 0 17.2 19.0 81
14 0 20.8 21.7 42 32 0 15.4 17.6 64
15 0 21.6 19.0 69 33 0 13.5 12.0 74
16 0 14.4 13.4 87 0 16.4 14.6 79
17 0 15.9 14.0 84 35 0 17.8 15.5 82
18 0 15.5 14.8 82 36 0 18.6 18.6 78
•3 refused to respond after Block 2.
Phaedra IP-1 40 25.1 97 SP-1 0 6.6 4.4 10
2 11.7 41 2 0 2.2 2.1 96
3 20.7 54 3 4 5.9 6.7 76
4 2 7.7 150 4 2 4.9 5.1 56
5 0 12.9 210 5 4 4.8 6.0 83
6 0 2.6 117 6 4 2.5 2.9 109
7 0 2.8 35 7 1 1.1 2.0 93
8 0 1.8 81 8 2 0.9 1.8 71
D
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GP Morikey
D Phaedra
(Cont.
)
Winifred
Day s_ LAT-f LAT- ITP Day LAT-t-
,
LAI ITP
IP-9 0 1.8 51 SP-9 0 0.8 1. 1 35
10 0 2.3 18 10 3 1.6 1. 3 58
11 0 2.3 24 11 2 0.8 0. 8 82
12 0 1.9 15 12 35 1. 0 77
48 0. 9 75
14 36 0. 9 40
IP-1 22 20.8 138 IP-17 4 0. 6 612
2 8 26.6 40 18 3 0. 6 991
3 0 23.6 50 19 0 0. 9 532
4 16 2.3 307 20 3 0. 8 847
5 6 1.2 282 21 0 0. 6 995
6 3 1.9 173 22 0 0. 5 1089
7 0 1.5 81 23 0 0. 5 1234
8 4 1.0 359 24 0 0. 5 895
9 0 1.4 27 25 0 0. 5 1278
10 0 1.0 96 26 0 0. 6 1104
11 0 1.0 27
12 1 0.9 222 SP-1 1 0.9 0. 7 CO
13 0 0.7 376 2 1 2.0 2. 1 291
l4 2 0.8 409 3 0 1.1 1. 5 215
15 7 0.9 288 4 0 0.7 0. 6 174
16 10 0.2 743 5 0 0.7 0. 6 174
i
i
6 0 0.6 0. 6 607
IP-1 37 41.2 51 SP-1 1 1.3 1. 8 76
2 12 25.7 77 2 0 1.8 1. 3 51
3 12 21.0 88 3 0 1.0 1. 1 138
4 10 2.6 56 4 0 1.4 2. 5 30
5 4 1.9 57 5 0 0.9 0. 8 140
6 0 1.9 41 6 1 1.3 1. 1 180
7 0 2.5 28 7 0 1.0 1. 8 21
8 0 4.6 24 8 0 0.6 0. 8 395
9 0 2.0 10 9 0 0.6 0. 7 492
10 0 1.6 94 10 0 1.0 1. 1 64
11 0 1.1 417
0 Gustay
GP Monkey Day
D Ingmar IP-1
2
I
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
D Bengt IP-1
2
I
I
7
8
9
10
II
12
^ LAT+ LAT- ITP
5 20.2 81
3 24.5 38
0 22.2 40
0 20.4 64
0 20.8 28
3 9.7 142
1 13.0 86
0 20.8 5
0 22.2 0
6 18.0 126
0 22.8 2
0 21.8 5
0 21.7 2
0 18.3
1 41.5 0
0 20.8 2
0
,
16.8 2
0 21.8 1
0 22.2 0
0 17.6 5
1 6.9 83
0 16.2 7
0 10.8 15
0 4.5 24
25 28.0 129
50 23.6 183
52 21.3 217
55 24.9 307
68 22.4 197
69 20.9 242
71 16.3 286
66 19.5 318
66 16.4 432
56 12.3 613
69 12.6 637
73 12.7 585
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Day S LAT-l- LAT- ITP
IP-25 0 18. 3 1
26 0 4. 8 12
27 0 6. 0 64
SP-1 2 17.5 16.4 83
2 0 10.6 8.3 42
3 0 15.3 16.0 8
4 0 6.6 7.2 19
5 0 2.5 3.8 49
6 0 3.0 2.6 23
7 0 5*? 6.6 9
8 0 4.4 3.0 5
9 0 3.5 3.6 5
10 0 3.4 4.0 7
11 0 4.1 4.2 11
12 0 1.8 2.8 8
13 0 2.0 1.9 19
14 0 3.3 4.3 28
15 0 2.1 2.8 3
16 0 4.2 3.4 12
17 0 2.4 2.5 5
18 0 1.8 1.5 4
19 0 1.4 1.5 1
20 0 1.8 1.2 6
21 0 1.2 1.4 16
IP-33 78 2.8 465
34 75 3.0 439
35 75 3.2 362
36 76 3.4 337
37 76 3.0 389
38 69 6.3 343
39* 77 8.2 474
40* 71 9.2 351
41* 69 8.2 410
42* 72 4.3 469
15 21.7 190
44* 3 29.2 85
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GP Wonkey
D Bengt
(Cont.
)
Day
.
S_ LAT+ LAT- ITP Day LAT+ LAT- ITP
IP-13 74 16.0 339 IP-45* 67 29 .5 73
14 79 14.8 383
15 72 12.4 583 SP-1 6 14.0 17.9 194
16 68 12.6 400 2 0 6.6 5.3 323
17 59 9.8 631 3 0 4.8 3.7 244
18 65 14.2 44l 4 0 2.6 2.0 280
19 60 16.6 367 5 1 1.8 1.2 256
20 58 12.0 314 6 0 1.2 1.6 243
21 58 13.6 418 7 0 1.6 2.5 215
22 73 11.9 444 8 0 1.3 1.6 199
2? 47 8.8 511 9 0 1.0 1.7 244
24 63 8.2 401 10 0 1.2 1.8 164
25 66 4.2 585 11 0 3.2 1.4 115
26 69 5.2 670 12 0 2.8 3.9 113
27 75 7.8 399 0 2.0 3.7 121
28 77 7.0 261 14 0 3.7 4.0 112
29 78 9.5 190 15 0 1.6 2.4 139
30 71 12.4 127 16 0 1.4 1.5 270
31 75 4.6 326 17 0 1.0 1.0 159
32 73 3.6 429 18 0 0.9 0.9 207
*Ho CDP was given on Days 39-^5 In the Insoluble problem,
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Table 2. Characteristics of the 10-14/Bee. rhythm during
Intertrlal Intervals from all sites which yielded seorable
activity.
Abbreviations I
GP*Group; KD“No Drug; D«Drug; Amyg»Amygdala; Hlpp=
Hippocampus; L=Left; H=Rlght; IP=Insoluble Problem;
SP=Soluble Problem; J^=Percontage of time rhythmic activity
occurred; DUE=Mean duration of bursts; T=Total seorable
time (sec.); +«After a reward; -»After a punishment.
GP Monkey Site Day
HD Frieda L.Amyg IP-1
2
I
1
7
8
SP-1
2
I
7
8
L.Hlpp IP-1
2
I
It DUB+ DUR- T+_ T-
15 14 1.1 1.0 114 28
18 15 1.0 1.5 168 39
21 24 1.2 1.4 317 125
3^ 25 1.8 1.8 240 149
20 16 1.3 1.4 262 172
22 11 1.1 1.0 156 70
19 13 1.3 0.7 181 15
17 21 1.3 1.2 237 77
25 20 1.3 1.0 323
244
156
29 8 1.3 1.0 128
13 20 1.2 1.1 156 66
23 9 1.2 0.8 187 86
19 0 1.5 80 19
— - 0 0
8 20 1.2 1.4 73 66
14
,
5 1.5 1.2 140 110
3 4 0.8 1.0 114 28
5 6 0.9 1.0 170 53
5 5 0.8 0.9 317 127
11 7 0.8 1.0 240 149
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gp Monkey Site Day it D0H+ DUB- T+ T-
HD Frieda L.Hlpp H>-5 7 9 0.9 0.9 302 1?2
(Cont.
)
6 20 14 0.8 0.7 128 98
7 10 7 0.9 0.5 181 15
8 12 0.8 0.8 2?6 65
SP-1 16 6 1.0 0.7 333 150
2 • - • • 0 0
3 5 3 0.9 1.0 131 39
k 8 3 0.9 1.5 197 86
5 3 4 1.0 0.7 88 46
6 4 4 1.0 1.0 115 51
7 2 5 0.7 0.8 81 66
8 8 3 0.7 1.0 140 108
H.Hlpp IP-1 8 4 0.7 1.0 129 24
2 6 7 0.8 0.8 170 59
3 9 10 0.9 0.8 329 105
4 12 6 1.0 1.0 240 166
5 6 4 0.9 1.0 262 182
6 11 17 1.0 1.0 148 63
7 10 0 0.9 - 181 9
8 9 9 1.1 0.9 404 209
SP-1' 12 8 1.0 0.8 327 177
2 8 6 1.0 0.9 244 118
3 4 10 1.0 1.0 156 63
4 16 16 0.9 1.0 76 10
5 18 4 1.1 0.7 85 51
6 6 6 1.0 1.0 115 51
7 1 3 1.0 1.0 77 66
8 4 2 1.2 1.0 140 91
IP-1 21 13 1.1 1.3 336 175
2 13 24 1.4 1.7 204 119
3 25 20 1.6 1.2 152 143
4 17 19 1.4 1.9 235 144
5 34 31 1.6 1.6 171 90
6 18 18 1.4 1.6 207 195
7 21 26 1.3 1.5 224 178
8 27 24 1.3 1.3 206 165
HD Oodle B.Amyg
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GP Monkey Site Day DDB+ DDB- T+ T-
MD Dodle B.Anyg IP-9 18 21 1.2 i .3 282 132
(Cent.
}
10 6 14 1.0 1.1 208 57
11 • • - 0 0
12 29 17 1.6 1.4 93 66
ll
15 14 1.2 1.2 135 73
15 21 4 1.5 1.0 87 75
16 7 12 1.0 1.3 139 67
17 17 13 1.1 1.0 52 159
18 - - • • 0 0
19 - - - - 0 0
SP-1 » * 0 0
2 - - - . 0 0
3 • • - • 0 0
k - - - - 0 0
5 0 0
6 - - • - 0 0
7 - • • - 0 0
8 18 13 2.0 1.0 45 133
9 • * 0 0
10 13 7 1.2 1.0 78 81
11 16 15 1.1 1.8 86 59
12 17 12 1.1 1.0 117 141
13 23 13 1.8 0.9 86 102
14 11 3 1.0 0.4 117 101
15 14 6 1.2 1.0 98 32
16 26 9 1.3 0.8 81 78
t.Hlpp IP-1 6 6 1.0 1.0 336 161
2 9 17 0.9 1.1 204 119
3 18 27 0.9 1.0 152 143
4 13 15 0.9 0.8 225 144
5 20 13 1.1 1.0 162 94
6 9 19 0.9 1.0 207 217
7 15 6 0.9 1.0 224 165
8 14 5 0.9 1.0 197 167
GP Monkey
HD Dodle
(Cent.
)
HD Anton
Site Day
L.Elpp IP-9
10
11
12
13
Ik
15
16
17
18
19
SP-1
2
I
I
7
8
9
10
II
12
«
H.Aayg IP-l
2
3
4
5
6
7
8
i± DDH-t-
7 16 0.8
12 12 0.8
12 18 1.0
12 13 0.7
14 16 0.8
8 11 0.8
12 13 0.8
8 8 0.8
6 7 0.8
10 10 0.7
14 19 0.9
8 10 0.7
15 18 0.9
14 8 0.9
4 15 0.5
9 13 0.7
19 11 0.9
7 18 0.9
8 16 0.7
10 9 1.0
19 18 1.0
31 23 1.1
12 21 0.8
15 22 0.8
28 28 1.0
17 11 1.2
3 2 1.0
0 0
0 1
1 1 1.0
1 0 1.0
0 0 .
3 2 1.0
1 1 1.0
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DPH- T+_ T-
0.9 269 95
0.8 185 24
0.9 97 50
0.9 93 66
0.8 116 73
— • •
0.7 87 70
0.9 139 76
0.8 74 145
0.8 69 71
0.9 105 96
0.9 128 117
0.8 85 150
0.8 130 94
0.7 93 73
1.0 49 127
0.8 119 71
0.9 135 87
0.8 88 112
1.0 111 67
0.9 78 86
1.0 102 39
0.9 129 141
0.8 86 102
0.9 117 101
0.9 98 39
0.8 65 54
0.8 192 224
- 247 233
1.0 106 256
1.0 115 73
1.0 139 290
- 103 137
1.0 114 262
1.0 76 271
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GP Konkey Site Day
KD Anton H.Amyg IP-9
(Cont.
)
10
11
12
!l
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
S
35
SP-1
2
J
I
7
8
9
10
II
DUH-t DOH- T+_ T-
3 _ 1.0 99 238
2 1.0 0.8 91 250
3 1.0 0.7 175 261
2 - 0.8 145 275
2 0.9 0.9 217 413
2 1.0 0.9 148 283
1 1.0 0.7 151 181
6 1.1 1.0 130 301
1 0.7 1.0 177 134
3 1.0 0.9 104 204
1 0.7 1.0 294 229
2 - 1.0 53 200
3 1.0 0.8 48 178
3 0.7 1.0 207 144
2 0.5 0.8 166 140
3 1.5 1.3 57 60
4 0.8 0.8 154 204
2 1.0 0.8 U9 431
3 1.0 0.9 110 448
5 1.0 1.0 130 236
1 1.0 0.5 98 161
3 0.8 0.9 252 185
5 0.8 1.0 156 154
2 1.0 0.8 111 234
1 1.0 1.0 75 267
3 1.5 1.3 197 156
0 1.0 - 188 135
2 1.0 0.8 137 276
0 1,0 1.0 449 453
0 1.0 - 155 173
2 0.9 1.0 183 169
0 - - 149 134
3 0.8 0.9 327 232
2 0.7 1.0 135 143
1 0.9 1.0 201 338
5 1.0 0.8 145 133
1 1.0 1.0 208 140
4 0.8 0.9 197 152
1 0.6 1.0 192 132
$±
0
1
3
0
4
1
2
7
2
4
2
0
8
4
1
5
3
3
2
4
2
6
4
2
4
2
6
4
0
1
5
0
3
1
6
4
1
2
2
GP Monkey Site Day
HD Gunnar B.Amyg SP-1
Z
i
i
7
8
9
10
11
12
15
16
17
18
19
20
21
22
s
25
26
27
28
29
30
31
32
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Mr DDH+ DUB- T+ T-
5 0.8 0.9 159 154
2 0.7 1.0 166 137
3 0.7 0.8 173 165
4 0.6 1.0 186 180
1 0.8 1.0 1^5 102
4 0.7 1.2 186 142
2 1.0 0.8 115 126
3 0.8 1.0 214 150
3 0.7 0.7 203 229
3 0.8 0.7 204 188
1 0.8 1.0 258 118
6 0 . 9
_
1.1 177 200
7 0.8 1.0 197 136
2 0.8 0.8 183 129
4 1.0 0.8 176 151
4 0.7 0.8 199 161
8 0.9 0.7 166 172
6 1.1 0.7 171 142
6 1.0 0.9 120 194
1 1.0 0.5 211 166
2 1.0 0.8 157 147
4 0.8 0.8 230 142
6 1.0 1.2 244 121
2 1.0 0.7 105 217
1 1.0 1.0 165 145
0 - - 196 154
1 1.0 0.7 158 151
1 0.7 1.0 219 155
1 0.8 1.0 205 153
2 1.0 0.5 101 127
4 1.0 1.0 182 160
0 - - 206 155
1 1.0 1.0 159 126
1 1.0 1.0 181 116
0 1.0 - 158 191
0 - - 166 183
It
6
3
1
3
2
3
2
4
3
5
2
7
8
3
4
9
8
2
2
4
4
1
1
0
1
3
3
2
1
0
1
1
1
0
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GP Monkey Site
D Phaedra L.Amyg
Day It DDB+ Dtre- T+ T-
IP-1 _ _ _ - -
2 45 38 2.0 2.0 188 225
3 19 17 1.6 1.4 127 156
41 37 2.3 1.5 196 184
5 21 30 2.1 1.4 143 156
6 27 ?3 1.4 1.3 157 119
7 26 42 1.5 1.5 252 163
8 31 31 1.8 1.9 203 I83
9 29 23 1.8 1.8 447 125
10 18 21 1.7 1.7 241 94
11 39 26 1.8 1.7 111 83
12 20 17 1.5 1.4 123 77
SP-1 17 26 1.4 2.2 106 34
2 24 8 1.3 1.5 60 47
3 26 3 1.8 0.7 157 72
4 31 32 2.2 1.7 163 60
5 49 41 2.3 2.1 89 93
6 33 29 2.4 3.0 116 73
7 39 31 3.6 2.5 64 86
8 31 0 2.0 - 65 43
9 28 16 2.1 3.5 91 45
10 30 17 2.2 1.3 86 77
11 » • «• — —
12 25 21 2.1 1.9 114 82
13 _ _ .
14 55 44 5.8 2.4 211 137
B.Anrs IP-1 _ _ - - -
-
2 57 50 3.4 2.8 188 226
3 29 31 2.3 1.4 127 156
4 53 61 3.0 2.2 196 184
5 20 46 1.6 1.9 137 162
6 45 55 2.1 2.0 157 119
7 42 55 3.2 2.2 252 163
8 37 36 2.7 1.7 203 183
9 37 38 2.6 2.3 483 109
10 22 27 2.0 2.1 241 94
11 46 53 2.8 2.2 111 83
12 27 31 1.6 1.2 123 77
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Monkey Site Day it DUH+ DUE- T+ T-
Phaedra B.Aayg. SP-1 25 56 2.7 2.1 106 34
(Cont.
)
2 34 28 3.4 2.6 80 47
3 35 15 2.6 1.8 157 72
4 42 42 2.5 3.6 163 60
5
6
62 59 4.0 2.9 84
1
CO
7
8 25 26 1.9 3.3 52
1
CD
9
10
- 7
: :
• •
11 33 48 2.3 2.8 144 52
12 - - - - -
13 31 30 3.1 2.4 140 57
L.Hlpp lP-1 - - - - - -
2 30 30 1.5 1.6 191 225
3 14 19 1.1 1.1 113 156
4 24 22 1.3 1.2 229 195
5 15 17 1.3 0.9 143 171
6 19 11 1.1 1.0 132 144
7 16 23 1.3 1.1 237 177
8 23 17 1.7 1.1 203 183
9 15 11 1.4 1.5 434 178
10 5 9 1.2 1.1 214 94
11 15 18 1.0 1.7 48 28
12 7 5 1.3 0.8 109 77
SP-1 7 12 0.8 1.0 106 42
2 14 5 1.4 1.5 76 66
3 15 4 1.2 1.0 157 54
4 19 10 1.1 0.9 151 60
5 27 20 1.5 1.2 89 93
6 11 12 1.0 1.2 53 49
7 18 6 1.2 1.0 79 66
8 16 9 1.1 1.2 117 81
9 16 10 1.2 1.2 91 50
10 23 10 1.5 0.7 86 77
11 9 6 1.0 1.0 125 52
12 10 18 0.9 1.1 139 57
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GP donkey Site Day DUH+ DUH- T+ T-
D Phaedra L.Elpp SP-13 16 14 1.6 1.3 140 57
(Cont.
)
14 22 24 1.3 1.0 200 137
H. Hlpp XP-1 - _ - - _ _
2 36 33. 1.5 1.8 191 225
3 17 19 1.1 1.0 127 156
4 25 18 1.6 1.3 229 206
5 19 23 1.0 1.5 143 171
6 15 13 1.4 1.2 157 117
7 20 28 1.5 1.4 252 163
8 26 21 1.9 1.5 203 I83
9 26 18 1.6 1.3 348 132
10 12 11 1.3 1.1 241 94
11 20 18 1.5 1.2 111 83
12 14 12 1.0 1.1 72 66
SP-1 10 26 1.4 1.1 101 42
2 14 8 0.9 1.0 83 60
3 22 5 1.6 1.2 151 100
4 17 13 1.5 1.1 163 60
5 39 3^» 1.4 1.4 84 93
6 2.7 26 1.6 1.2 116 73
7 26 18 1.4 1.2 53 92
8 23 7 1.8 1.2 117 81
9 19 27 1.3 1.3 91 45
10 27 23 1.6 1.3 86 77
11 15 29 1.5 1.2 144 52
12 23 21 1.3 1.4 115 82
13 17 23 1.5 1.9 136 57
14 33 42 1.8 1.8 211 141
0 Ingmar B.Amyg IP-1 24 16 1.4 1.1 215 348
2 11 19 1.1 1.2 169 249
3 19 4l’ li4 1.3 297 177
4 27 18 1.4 1.3 148 242
CP Monkey Site Day
D Ingmar H»Amyg lP-5
(Cont. ) 6
7
8
9
10
11
12
ll
11
17
18
19
20
21
22
25
26
27
SP-1
2
I
5
6 -
7
8
9
10
II
12
}|
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iz. D0H+ DUB- T+_ T-
13 0.9 1.5 218 90
10 1.8 1.3 164 141
21 1.1 2.0 222 94
24 1.1 1.1 110 128
15 1.4 1.0 144 193
2 - 1.0 195 111
10 1.6 1.2 215 192
17 1.3 1.1 238 154
13 0.9 1.0 137 428
12 1.0 1.2 222 112
19 1.3 1.3 273 134
5 1.2 ,0.9 342 163
10 1.0 1.0 150 249
30 1.2 1.0 43 92
23 1.2 1.2 178 312
29 0.9 1.2 179 191
1 1.2 1.0 203 179
4 0.9 1.0 164 146
5 0.8 1.0 145 256
18 1.2 1.0 153 132
13 1.5 1.3 342 110
21 1.1 0.9 167 160
17 1.2 1.0 239 155
34- 2.0 1.9 188 143
23 1.8 1.6 265 175
34 1.9 1.6 243 204
24 1.6 1.4 209 139
43 1.7 1.8 231 192
36 1.8 1.3 178 155
P 1.7 1.5 251 1842.0 2.3 160 174
P 2.1 2.0 247 23342 2.0 1.9 246 184
37 2.4 2.1 195 140
32 1.9 1.8 299 170
33 2.0 2.0 208 219
28 2.0 2.6 222 194
34 1.7 1.2 227 157
33 1.6 2.3 166 166
11
10
22
16
23
0
16
16
12
13
16
23
14
14
22
13
5
7
3
20
19
14
16
27
21
33
33
35
33
33
37
ll
36
32
38
28
31
24
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GP Honker Site Day it iz DUH+ DUB- T+ T-
V Ingoar H.Amyg SP-17 30 31 1.7 1 .7 381 294
(Cont.
}
18 32 22 2.0 1 .7 174 162
19 24 35 1.3 1 .8 179 173
20 22 21 1.9 1 .6 182 218
21 32 14 1.7 1 .6 199 168
D Bengt H.Amyg IP-1 2 4 1.0 0.9 172 206
2 2 2 0.5 1.0 40 215
3 3 1 0.8 1.0 97 243
4 3 2 1.0 0.8 114 264
5 1 2 1.0 0.7 142 245
6 0 0 • 95 196
7 0 0 - 1.0 54 316
8 2 0 1.0 1.0 119 214
9 0 1 1.0 76 198
10 0 0 - - 67 170
11 0 0 - 90 262
12 0 0 - - 97 163
13 0 0 • 132 197
14 0 0 - • 87 249
15 0 0 • • 101 184
16 0 0 - - 63 299
17 0 0 • 103 125
18 0 0 1.0 64 325
19 0 0 . - 146 269
20 0 0 - - 109 115
21 0 0 24 217
22 0 0 - - 96 256
23 0 0 • - 60 191
24 - - - - 0 0
25 0 0 * 5 116
26 0 0 73 58
27 0 0 - • 93 200
28 0 0 - “ 98 171
29 2 0 1.0 0.5 131 292
30 0 2 1.0 118 131
31 1 0 1.0 - 60 294
32 1 1 1.0 1.0 107 I87
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GP Konkey Site Day
D Bengt H.Amyg IP-33
(Cent.) 34
37
38
39*
ko*
41*
42*
43*
44*
45*
SP-1
2
I
I
7
8
9
10
II
12
li
15
16
17
18
*No GDP was glyen on Days 39
DDB+ DUB- T+_ T-
1 _ 1.0 101 173
1 - 0.5 48 182
1 1.0 1.0 61 178
0 - 1.0 90 259
1 1.0 1.0 104 249
0 - - 128 169
0 - - 40 73
8 1.2 0.9 119 228
17 1.5 1.5 100 185
6 - 1.3 67 202
9 1.0 1.1 153 212
3 0.8 0.7 181 223
8 1.2 0.9 167 225
3 0.9 1.0 121 156
4 1.2 0.8 110 107
21 1.0 1.1 150 104
19 0.9 1.0 140 110
9 1.0 0.9 14? 136
9 1.0 0.8 119 104
6 0.9 1.0 164 96
9 1.0 0.9 128 140
15 1.0 1.1 106 117
3 0.9 1.0 190 109
10 0.9 1.1 134 135
10 1.2 1.0 156 224
11 1.1 1.2 213 126
18 1.3 1.2 137 143
6 1.0 1.2 113 123
0 - - 95 90
10 1.1 1.0 121 112
10 1.2 1.1 119 147
of the Insoluble problem.
2±
0
0
1
0
1
0
0
6
12
0
10
7
12
7
12
21
16
11
6
9
2
17
7
11
9
12
12
2
0
10
6
1-45

